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rilEFACE  TO  THE  FIRST  EDITTO?f. 


Tius  -work  is  diNided  into  three  parts.     The  first  relates  to  those 

tiniQclies    of    the    operations    of  eugiueeriiig   which    dope; 

gvooMirickl  principles  alone:  that  is  to  say,  Subveying,  Levellixg, 

•Hid  the  Settixg-ol'T  of  works,  comprehetnled  umlur  the  jj^eneral 

tMimff  of  EsGixEEPJNO  Geodesy,  or  Field- Work,    The  second  part 

,  to  the  properties  of  the  JIaterials  used  in  engineering  works, 

---..  ;«  earth,  stone,  timber,  and  iron,  and  the  art  of  forming  them 

into  Sthcctukes  of  different  kinds,  snch  as  excavations,  enibiiuk- 

mtfiits,  bridges,  tfcc.     The  thiixi  part,  uuilcr  the  head  of  Cojiuined 

Strcctcres,  sets    forth    the  principles   acconling   to  which  tho 

•cructom  described  ia  the  second  part  are  combined  into  extensive 

rks  of  fugineering,  auch  as  Roada,  Railways,  River  ImpiHive- 

Its,  Water- Works,  Canals,  Sea  Defences,  Harbours,  ic. 

Tlio  fii"st  chapter  of  the  second  part,  entitled  a  Summary  of  lh& 
PrincipUg  ofStabUUif  and  SlrcngUi,  forms  not  so  much  an  integral 
part  of  the  liook,  a»  a  collection  of  mechanical  jtiinciplos  and 
Ibnnnla?,  introduced  for  the  sUte  of  being  conveniently  referred  to 
itt  ihie  subsequent  chapteni,  so  as  to  prevent  their  being  eucumbei-ed 
with  mathematical  investigations  to  a  greater  extent  than  ia 
_    abacJutely  nctvssary. 

^^r  The  third  part,  ao  far  as  the  details  of  the  designing  and  execution 

■  of  works  are  concerned,  consista,  to  a  great  extent,  of  references  to 
I     the  first  and  second  parts,  its  special  object  being  to  explain  thosa 

■  prindples  wliieh   are   i^eculiar  to  each  class   of  great  works 
B    ■^gioeeriog,  and  which  regidate  the  general  plan  of  such  workSi 

™°  "'■  —^ afaij. . 


i 


vt 


PREFACE. 


The  tables  of  the  strength  of  materials  at  the  end  of  the  volnm 
give,  as  regni'ds  iron  and  stone,  uvenigc  and  extreme  results  oulj^ 
>ctiiiled  iuformatiun  as  to  the  strength  of  different  kinds  of  ston 
atin- 1&  giveu  in  the  course  of  the  text,  under  the  proper 
linga. 

I  have,  thronghout  the  book,  adhered  to  a  systematic  arrangi» 
ment  aa  far  aa  wtw  practicable,  iiud  luivn  cmly  departed  from  it  in 
few  instances,  whtui  it  bccnnic*  ncccssitry  to  introduce  questions  that 
had  arisen,  or  facta  that  liad  been  iiscei-tjiined,  alter  the  complctiotfc^ 
of  the  part  of  the  work  to  which  they  proiwrly  belonged.  In 
drawing  uji  the  table  of  contents  and  the  alphabetical  index  cant 
has  been  taken  to  show  where  auch  detached  pieces  of  infovniatinn 
are  to  bo  found. 

W.  J.  M.  11. 
aLABOOW  COLIJCOK,  C/A  ^unitary,  1802. 


ADVERTISEMENT  TO  THE  FOURTEENTH  EDITION. 

The  Fourteenth  Edition  has  been  carefully  revised,  and 
additions  made  to  the  Appendix  in  reference  to  some  of  thor 
more  recent  advancos  in  Civil  Engineering  Science  and  Practice.- 

W.  J.  M. 


Glabuow,  Dteemher,  18S8. 
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PART  I. 

Ofc'  ENGCsEERlNG  GEODESY;  OH,  SURVETING. 
LENTILLDfG,  AND  SETTING-OUT. 


CHAPTER  L 


OSmUUL  EXPLANATI0!7S. 


~9m  1 1 1  lag.  T    -.  iig-««ii.  comprehend  tlic  piiiiapai 

stions  of    1  ,y ;  the  object  of  simeyujg  and 

.jacutiitlon  on  jiaper  of  the  groimd  on 

i  I  >g  work  is  to  l>o  executed ;  aiul  tliu 

jug-oul.  I'rmg,  to  imirk  upon  the  ground  the  situation 

I'd  Avr.rl:  jiii'piinitory  to  its  oxecution. 

."'   wheu  used  in  a  coraprelienaive  seiiae, 
I  a  ri-.,trictod  sense,  gurveyimj  is  u»ud  to 
dftiu'tc  tho  nrt  ot"  ji  id  represeuting  the  form  of  the 

pi  'iiul  und  th<'  rt'.'at  i  A  objects  uj>on  it,  as  projected  on 

:1  surfttci.";  and  Irrdiing,  to  denote  the  art  of  ascurttiining 
-■ntiiig  tlie  nlulive  eiu\-atio!Ui  of  difl'erent  porta  of  the 
i^Binl,  and  of  obj.ot8  ujiou  it 

mmu  mnA  M«-iJoB, — Tho  re*ailt8  of  sxirvejiug,  laid  down  on 

I  I«i*!r  l.y  tho  oppiTitions  of  " ]jl<>tt  i nj;"  and  drawing,  constituto  a  plan 

'"  ■•"       '    ' "    .•  tiiose  of  leviiling  aiv  usually  laid  down  in  the  I'oiin 

Ion,  allied  more  briciiy  a  section  (although  tlierc  are 

^"'"1  ftiivn  ui  r  ,  li  will  altcrwards  be  uxphuned). 

A  pliiQ  is  u  iitation  of  the  ground  and  the 

'"  '  I  ing  work,  as  pinrjucted 

1  upresented  by  the  sur- 

ijiiptr  111  V.  JiicLi  tLe  pJ.iu  ii  diuwn,     A  plan  ditfers  fi-oin 

\y  in  ilio  sril»»  on  which  it  is  drawn,  th<>  wale  of  a  plan 

"V  the  designing  of  r  i  -^  wurka, 

I!  :i-s  to  make  it  .  .  for  tlie 

hy  only. 

1 1  If  of  a  certain  line  or  track  on 
iind,  ntid  of  the  pnjpoded  work  to  be 
.   Hometinies  also  that  of  the  itjtenial 
projected  ou  a  verticuJ  surface, — that  vertical  surface  beiii|i| 
B 
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represented  by  tlie  surface  of  the  paper  on  which  the  section  is  Hmwn. 
A  cerUia  stniiglit  line  on  that  paper,  caUwl  the     • 
represents  a  tixeii  horLzontal  surface  at  any  convenient 
or  depth  below  some  fixed  and  known  [joint,  eallfxl  the  ''Juiuui-i 
point."     Lines  jianilJel  to  the  datum-linfl  reprosent  in  miniature, 
distances  measured  horizontally  along   the  line  or'  truck   on  the 
earth's  sui-face  to  which  the  section  relates.     Lines  perpendicnJiir 
to  the  datum-line  represent  in  miniature,  heights  alxive  or  dopUusi 
below  the  dutiuu  hoi'i2ontal  sui-face.     The  natural  surface  of  the  I 
ground,  and  the  proposed  work,  are  rt>[tresented  y>y  lines,  straight, , 
curved,  or  angular^  which  at  each  point  aa-e  at  the  proper  vertical 
distance  from  the  datum-line. 

In  the  same  section  the  scale  for  horizontal  diftanoes  and  the 
scale  for  heights  may  be  diflerent,  if  convenience  requires  it,  as  will 
afterwards  be  more  fully  exjilained. 

3.  A  BoriBomal  8i»rtac«  is  a  surface  which  is  everywhere  perpen- 
dicular to  the  direction  of  the  force  of  gravity;  such  as  the  surface 
of  a  piece  of  still  water.  Its  true  figuj-e  is  very  nt>a.rly  that  of  a 
8phetx)id.  For  a  hoiizoutal  surface  at  the  mean  level  of  the  ge»,  tb» 
dimensions  of  that  spheroid  ai-e  as  follows,  according  to  recent 
ealculatious : — * 

Feet.  Staluta  Milea. 

Polar  axis, 4».7o",r>36  =  7899«55 

Mean  iH]uutorial  diameter, 41,847,662  =  7925*694 

iHffei'euce,  or  polar  flattening, 140,126=      26539 

The  portions  of  the  earth's  surface  represented  by  jjlans  lor 
engineering  purpusea  arc  usually  so  small  compared  with  the  whole 
earth,  that  a  hoiizontal  surface  may,  in  most  OAsesi,  be  treate<i  as  if 
it  were  plane,  without  any  error  of  practical  importance.  In 
plans,  a  flat  piece  of  pajM>r,  and  in  vertioil  sections,  a  straight  line, 
rejiie-sent  a  horizontal  surface  with  as  much  accuracy  us  is  practi- 
cable. In  many  cases  in  which  it  is  necessaiy  to  Inke  the  earth  8 
curvature  into  acctiunt,  the  ellipticity  or  jMjlar  flattening  may  bo 
neglected,  and  th«  figurt!  of  a  horizonbd  surface  may  lie  treated  as 
if  it  were  a  sphere  of  the  same  mecin  diameter  with  the  sphei'oid 
before  de.scrilx;d  ;  that  ia  to  say,  very  nearly 

41,778,000  feet  -  13,920,000  yards  -  7,912J  statute  miles. 

4.  9f  rnaortM  of  l^eaittlii — The  standard  measure  of  length  estab- 
lished by  law  iu   Britiiin  Is  the  yard,  luiug  the  distance,  at  tbe| 
tjiiiperuture  of  02"  of  Fahrenheit's  thermometer,  and  under  tllflj 

•  Aconnling  to  Captain  Clnrku,  in  tlie  ilemoiri  of  the  Royal  Attrxmamirnl  Soeidf,  I 
Vul,  XXIX..  the  greatMt  and  leMl  ecjustorial  axes  art<  ra4|ieclively  '1l,84i?,!)70  {f«li,  [ 
*rui   41, H  11^,351   recti  anil  IIiq  longitude  of  the  c;n-jit«t  iixi»  i«  nliuut  14*'  li.  «i| 

di,     1'he  pillar  axtd,  As  Sir  i,  F,  M'.   ilet&cljc!  has  (loiiUcil  uui.  ii  »Ina 

iO(),600,000  inohoL 


tinospbenc  prvssurp,  between  two  markii  on  a  certain  bar 
•birli  '~  1.  .•  -t  in  the  otBce  of  the  Exchequer,  at  Westminster. 

Ill  1  to  the  yard,  the  following  units  of  length  are  om- 

plwt-.  I'i  iMiiposee  of  civil  engineering  in  Britain:  — 

rh<j    iMrti.  one  thirty-sixth   part  of  the  standard  yard;   with 

idniuy,  dociuiul,  or  duodecinuil  subdivisions. 
He  Vooi,  ono- third  pitrt  of  the  Htumlard  yard;  with  decimal  or 

duoJecimaJ  subdiviisions. 
The  Vniboiia  of  two  yar(.la;. 

Tlie  chMln  of  C>G  feet  or  22  yards;    divided  into  four  polei  of 
5 A  viunIs,  and  100  lin/cj  of  7-*J2  inchoa 

^iiMntv  itjle  of  1,7G0  yards  =  5,2S0  feet  =  SO  chains,  divided 
>^  fiidijtigi,     To  these  may  be  added,  iu  cases  of  harbour 
,,,.g— 

lit  or  sc«  iniic!,  l>eing  the  length  of  one  minute  of  a 

latitude  at  the  mean  level  of  the  sejt.     The  length  of 

•    varies  iu  dillerent  latitudes,  fi-om  about  6,107  feet 

at  IJin  jiuk'B  to  a1x>ut  6,045  feet  at  the  equator,  its  uieau  value 

being   n<«rly  6.07(i    feet,  or  1-1508  statute  mile.      A  value 

commonly  tikcn  for  the  nautical  mile  is  that  of  a  minute  of 

longitude  at  the  equator,  or   6086      feet=  1-1527  statute  mile. 

Tliu  nnuticul  mile  is  sometimes  subdivided  into  10  cables,  and 

I  <"M>n  f'tf/ionis;  the  fathom  thii8  obtained  being,  on  an  avei-age, 

(h  longer  than  the  common  fathom. 

— 'li'te  measvn*e.'5  of  distance  the   following   may  be 

IBCL'  .  occaaionallv  occur  in  old  plana: — 

TJ.-    .  (  of  7  yards,  \)eing  greater  tnan  the  imperial  perch 

in  '  tion  of  14  to  11. 

T\-    '  of  320  Irish  perches  =  2,240  yards  =  6,720  feet, 

-  etatute  mile  the  isarae  proportion  of  14  to  11. 
Tht  .-»•  "111-11  /Jl  of  37  06  imperial  inches. 
The  Scottidli  Fall  of  6  ells,  or  1853  imperial  feet. 
Tbo  Scottish  Mile  of  1 ,920  ells  =  5929-G  feet. 
Each  of  theM^  miles  is  diuded,  like  the  statute  mile,  into  8  fur* 
Im^a,  ai  ■         "    Ins,  so  th»t  the  Irish,  Scottish,  and  imperial  mile, 
fOfioDg,  :.    .         .,,  bear  to  each  other  the  proportions — 

6720  :  5929-6  :  5280 
::1'27:    1123:1000 

^  1.V9  of  length  are  all  decimal  multiples  and 

UE,  which  is  approxiro-itely  one  ten-millionth 
>m  one  of  the  earth's  polee  to  the  equator, 
m  Britisli  measures  ia 

HiaVsOdS  feet^  or  3937043  iuche& 
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The  Kii«m«iM  of  1,000  Ingres,  or  3280-S992  Bntish  feet, 

0 '62 1383  of  a  statute  mile. 
Fi>r  further  information  of  the  same  kind,  see  the  Comparat^ 
Table  of  French  and  British  Measures  at  the  end  of  the  volume. 
6.  The  neoMirM  or  Ar*m  used  in  British  civil  eugineering  arof 

The  M^nore  luck. 

Tlte  H«M«rc  FoM  of  144  square  tnche& 

The  s^naiw  Yard  of  0  wiuai-e  feet.  , 

The  Acre  of  10  square  dtain-a,  or  100,000  iq^t/vrt  links,  or  4,^ 
jnfiuire  yards,  subdivided  either  decimally,  or  into  4  rooda' 
1,2  lU  s«iuiire  yards,  and  1(J0  jxivJies  of  30;^  square  yards. 

The  miHMre  irtiie  of  G40  acres,  or  3,097,600  squats  yards,  I 
27.878,400  square  feet.  I 

The  Irixh  acr«,  auMivlded  into  4  rocxls  and  IGO  perchts,  and  ll 
Scottish  acre,  subdivided  into  4  roods  nud  100  falh,  liearto^ 
imperial  acre  ])roportitiU9  which  are  the  squares  of  the  prop 
tionij  l)orue  by  the  Irish  and  Scottish  miles  reqMsctively  to  1 
statute  mile;  that  is  to  say, 


Irish  acre 
Aiao,  Irish  acre 
::  1'6198 


Imi^erial  acre 

Scottish  acre 

1-2G12 


:  196:121; 
Imperial  acre 
1-0000  nearly. 


gawl 


I 


6.  Tlie  !*f  raaarrs  of  volnmo  used  in  British  civil  engineering 

The  Cable   lucb. 

The  Cable  Fa«i  of  l,72fi  cubic  inches,  J 

The  Cnbic  Yard  of  27  cubic  fcct.  1 

lu  the  engineering  of  water-works,  the  fiall«»m  is  used  in  statA 

quantities  of  water.     Its  statutory  value  is 

277-274  cubic  inches,  or.0-lC04C  oubio  foot; 

t 
but  it  is  convenient  in  calculation,  and  in  general  Bufficicntly  ao) 
tate  for  purposes  of  water  supply,  to  use  the  approximate  vaJar*' 

One  gallon  ...  =0'16  cubic  foot,  nearly;  and 
One  cubic  foot  =     6^  gallons,  nearly. 

I  ^  Other  special  measures  of  volume  are  employed  for  certain  Idnd^ 
materiaia  and  work ;  but  these  ^vilI  be  e.xplained  further  on.       j 

7.  BiiUcB  far  Plan*. — The  scaIc  ou  which  a  plan  is  drawn  mei 
the  prop<)rtion  wliich  distances,  as  represented  on  the  plan,  bear' 
the  coiTespondiug  distances  on  the  ground.  Amongst  contineo] 
European  nations  it  is  customary  to  express  that  proportion  | 
meana  of  a  fraction,  such  as  l-H),iJU0th.  In  Britain,  itis  oustomi 
to  refer  to  two  units  of  length,  a  sliott  WTut.  tut  tlva  \i&\)«c. 


Q«c,  aa| 

J 


SCAXSB  FOB  PLAJIB. 


br  the  grounrl.     For  examplo — "««  indies  to  one  mite" 

he  scale  which,   acoorJiug  to   the  contiuoutal  system, 

lllcd  l-10,56utk    Amongst  ootitinental  Drttions,  a]80,  the 

cipmrnouly  nseJ  are  tho*j  in  wliioh  the  proportiou  of  the 

of  the  plan  lo  thoao  of  the  groun  J  is  some  exact  decimal 

ich  88  MO.OOOth^OOOl.  l-3,;J(IOth  -  0004,  l-500th  = 

in  Britjiiu,  the  Hcoles  most  commouly  used  are  thosu  in 

j4 .,.  ,,  .  (■ .,  ctrtain  ntituber  of  miles,  chains,  or  feet  on  the 

'  1  ■  d  by  a  disLinoe  of  a  certain  number  of  inches, 

ill  i.s  >n  iiu  inch,  on  tiit*  paiwr. 

itadc  of  the  scale  which  is  best  suited  foi"  tho  plan  of 

survey  varies  according  to  the  minuteness  and  com- 

the  object*  to  be  represented.     Thiia,   a   larger  scale 

in  plans  of  towns  than  in  those  of  the  open  country; 

'  cr  and  more  intricate  the  buildings  and  the  divisiuna 

the  larger  should  the  scale  be;  and  a  plan  to  be 

d(»igniwg  and  ssettiug-i>ut  of  works  should  be  on  a 

tlutn  one  to  be  osed  for  the  aelectioii  of  a  line  of  com- 

,  and  for  prcliminaiy  or  jiarliauieutary  purposes. 

h*'ing  table  enumerates  s<jme  of  the  scales  for  plans  most 

used   in    Brittiin,  together  with   a  statement   of    the 

which  diey  are  beat  adapted: — 


'Dmigpttim 

'Hernia^ 


to  » tuila,. 


to  •  mile,, 
to  M  mile,. 


FT»ellon  (If 
Dtmenalon*. 


Dies. 


1_ 

03,300 


13,840 

1 
10,&tfO 


Scale  of  the  smnller  ordnance  map*  of 
BriUio.  This  «cale  b  well  adapted 
for  nmpa  to  be  used  in  exploring  the 
country. 

Smallest  ecale  permitted  by  the  stand- 
ing ordera  vf  parlinment  for  the  de- 
poaited  plans  of  propo!icd  worlu. 

Scale  of  tlw  larger  ordoance  maps  of 
Great  Britain  and  Ireland.  This 
■cale,  being  just  large  enough  to 
show  building?,  roads,  and  other 
important  objects  distinctly  In  their 
true  forms  and  proportions,  and  at 
the  same  time  small  enough  to 
enable  the  eye  of  the  engineer  to 
embraco  tho  plan  of  a  ootiBiderabls 
extent  of  country  at  one  view,  ie  on 
the  whole  the  best  adapted  for  the 
selection  of  lines  for  enginwring 
worU-s  and  for  parliameutarj'  plane 
and  preliminary  estimates. 

I  Dcciiiiiil  ^alo  poateaaijig  Uie  same  s'l- 

I     Tanloicaa. 


I 


(S.)  400  flMt  to  KD  inok... 
(6.)  fl  chidns  to  «n  Ineb,. 


(7.)  16-84  iochM  to  »  mil«,... 


(8.)  6  chains  to  an  inch,  or> 
iO  inohM  to  a  mile,) 


(9.)  S6-844  lochw  to  ■  mile, 


(10.)  200  fiHt  to  an  inch, 


(18.)  B8  feet  to  an  inch,  or 
60  incboa  to 


(11.)  8  chains  to  an  inch, 

(iS.)  100  feet  to  an  inch, 

nch,  or\ 
a  mile,/ 

(14.)  68-3e  inches  to  a  mile,. 

(18.)  44  fieet  to  an  Inch,  or) 
ISOinchMtoamlle,) 

(Itt.)  126-72  inches  to  a  mile, 
(17.)  80  feet  to  an  inch, 
(18.)  20  feet  to  an  inch,, 


(19.)  10  feet  to  an  inch,. 
At. 


1 
4,752 

_1_ 
4,000 

1 

8,960 


1 

2,600 

1 
2,400 

1 
2,376 

1 
1,200 

1 
1,056 

1 
1,000 

1 

628 

1 

tm 
1 

800 

1 

240 
1 

no 


Smallest  scale  perraltted  by  the 
ing  orders  of  parliament  ticu 
largcd  plans"  of  buildings 
land  within  the  curtiingis  of  bni 

Scale  answering  the  same  puipo 


Scales  well  suited  for  the  w 
surveys  and  land  plana  ol 
engineering  worlcs,  and  ft 
larged  parliamentary  plana 

(Scale  8  is  that  prescribed  in  the 
ing  orders  of  parliament  for 
sect  ion  »  "  of  proposed  rail  ways 
ing  allorations  of  roads  ) 

Scale  of  plans  of  part  of  the  or 
surv'cy  of  Kritnin,  frtim  whi 
maps  beforu  mentioned  are  n 
\VclI  adapted  for  land  plans 
gineering  works  and  plans  of  > 

Scale  suited  for  similar  pu 
Smallest  scale  prescribed  by  l 
land  or  contract  plaux  in  Iral 

Scale  of  the  Tithe  Cumraissionert 
Suited  for  the  same  pnipaaea 
above. 

Scale  suited  for  plaiu  of  towna 
not  rery  intricate. 

Scale  of  oMnancv  plans  of  tba  i 
Iricatdy  built  towns. 

Decimal  scale  having  the  san 

pertiea. 

Scale  of  ordnance  plans  of  tit 
intricately  built  towns. 

Decimal  scale  having  the  san 

pertics. 


Scales  for  special  poipoaeii 


SCALES   rOB  SECTIONS — EXAGOERATIOX. 


&.  aciilra  fit*  HMtioBa. — Except  lu  a  fcw  ciises  of  ran?  oocurrenco, 

tbe  vanJe  for  fu/rwrntal  distances  on  a  section  should  bo  tLe  aame 

riU>  Uu".  scale  of  the  plan  with  which  it  corresponds.     One  of  the 

itions   is  that  of  the  parliamentary   section  of  a  roa<l   upoa 

-Tcl  or  poKition  of  which  it  is  intendetl  to  make  an  altomtion 

thr  ptirpoBe   of  caiTyiiig  a   railway  iiciiias   it,  whether  over 

uuder;  io  thi«  i^asu,  thu  horizontal  S(.>ale  of  the  soction,  as  pr&- 

"    >y  thp  standing  orders,  is  to  he  Jiva  efiain^  to  an  inch  (see 

^Iie  talile  of  the  last  article).     The  phin  may  be  on  the 

ae  aealc,  but  not  necessarily  ao;  in  fact,  its  scale  in  general  is 

tnaoh  snmlUT. 

Tbe  vertical  acal^^  or  iftvi/e  for  hflght^,  is  almost  always  much 
I  grtnter  lljaa  the  horizontal  si^alc,  because  the  difTerences  of  elevation 
btftw^n  points  on  the  ground  are  in  j^cnonil  much  smaller  than 
tbeir  distances  apart,  and  require  to  be  represented  on  a  greater 
Kale  on  pAper,  in  order  that  they  may  lie  equally  conspicuous  to  the 
tye;  and  also,  because  in  the  execution  of  engineering  works, 
ucurax?y  in  levels  is  of  more  importance  than  acciu'acy  in  horizontal 
position,  and  vertical  heights  should  be  repi-esented  with  gi-eater 
preci^on  tluin  horizontal  distances.  The  projjortiou  in  which  the 
mtioal  scale  is  greater  than  the  horizontal  scale  is  called  tbe 
tta^gwation  of  the  scale.    Tbe  following  table  gives  some  examples : 


Fraction 
of  re*l 
Height 


Boritontftl  Scale* 

with  wlileti  Ui« 

VertkcAl  Scale  li 

vaoMiiy  ooDibined. 


Eiajt- 
gentloa. 


_L_  to       ^      I  13-2  U>  8-8 


U,8i0      lO.MO 


4,800        8,960 


8,960        2.37fi 


10  to  8  25 


11  to  66 


_!__  to  — !—    16-5  to  9-9 


SmalleftC  scale  pet- 
■nitted  by  the 
Btandiog  orders 
or  parliament  for 
section*  of  pro- 
poHd  workB. 

Smallest  scale  per- 
mitted by  tlie 
standing  orders 
or  parliament  fur 
cross  sections, 
showing  altera- 
Uoos  of  roads. 


Scales  Bailable  for 
working  sections. 


8,900        2,S70  I 

&e.  &c. 


I 
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RXOIKEEIUNtS    GEODEST. 


Vertical  booUoub  xcitJtout  exxufgeratioTi,  ehovting  tite  liorixoi 
i\  vortical  dimonsioiiB  of  iha  gi-ound  In  tUeii-  it'ivl  ])ropt)rtjon 
cli  otlier,  fti"o  rcqiurml  at  thn  sitcH  of  |ipiijMiK«^>rl  large  wru-la 
mBHoniy,  timlicr,  ami  iron,  siich  as  vifiductj*,  T1jojs<!  sections 
in  ^MKU-{il  dniwn  ou  a  liirgur  sciile  thun  the  veilical  scale  of 
oixl  nary  Vorkiug  sectiuiis. 

U.  iTirihorfa  in  Harrcriny, — There  Art*  two  priucipiU  methods 
lo-wcd  in  surveying,  paeli  charsipt^ria'd  by  11r»  oleinentaiy  mai 
iTiAtioal  i»roccs8  wliioh  it  involves:  tlyt method  of  iliMatiri'^  andqff{ 
\im<\  for  filling  up  the  detail.s  of  a  survey,  and  the  vitlhod  oftnan^ 
used  ehii'fly  for  aacertjiining  the  positions  of  cei-tain  ttatia 
OOcafiiou»Uy  a]>plicd  to  filling  u])  the  details  ulso. 


1,  ^Wl 


First  MErnoo — By  Distances  aitd  Oitseta 
In  tig.  1,  A  in  the  repnjsentfttion  on  paper  of  a  station, 
and  marked  point  on  the  ground,  and  A  D  that  of  a  line  extend 

^f^oul  A  in  a  known  direction, 
ascertain  and  lay  down  the  posii 
of  a  point  C  relatively  to  A,  a  ] 
pendictJJar  is  let  fall  on  the  grol 
K                  mi""*     from  C  upon  A  D,  meeting  that  1 
W  in  B;    the  distance  A  B  and  c^ 
B  C  are  measured,  and  these  being  laid  down  on  the  plan  t 
RuitAblo  scale,  the  point  V  on  the  jilan  which  repreaenta  C  on 
gi'ound  is  juarked  or  plotted.     In  some  cases  the  angle  at  B  maj 
Bome  mea«Hi\}d  oblique  angle  instead  of  a  right  angle;  but  in  ii 
cases  it  is  a  right  angle.     This  Lh  the  methocl   of  surveying 
^_      distances  and  offsets,  ami  is  tliat  by  which  the  details  of  a  sur 
^B     are  in  almost  all  co-ses  filled  in. 

^^         The  same  figui-e  may  \^o  tttkcn  as  representing  the  element 
i  operation  of  levelling,  if  A  D  be  held  us  marking  the  datum  fa 

zontal  surface,  and  C  B  the  height  alwve  that  surface  of  a  pi 
C,  whose  horizontal  dbtance  fi-cjui  A,  tlio  commoncement  of 


Bectiou,  is  A  B. 


Lind,  w! 


Second  Method — Bv  TRiANOLKa. 

A  and  B,  upon  the  pajwjr,  repr 
stations  or  points   on  the  gi-ound, 
relative  position  —  that  is,  their  dista 
apart,  ancl  the  direction  of  the  line  join 
them — has   been   ascertained.       It  is 
quired  to  ajtwi-tain  and  lay  down    on 
|Miper  the  position  of  a  third  point  C  B 
This  is  to  be  done  by  meu«urLu^  any  two  > 


Pig*. 
to  those  two, 
foUowiog  four  quantities ; — 


tJSK  OF  TaiOONOUETRY — OBDEB   OF  0PEKAT10N8. 


the  distaocea  A  C  unci  B  C ; — 
the  angles  C  A  B  and  C  B  A,— 
plottilig  or  lading  down  on  the  pa{>er  the  tvprosentation  either 
M  cpuintities  actually  measured,  or  of  others  calculated  fmui 
"       f'h«  object  of  such  calculation  is  in  most  cases  to  lay  domi 
;  ties  A  C  and  B  C  on  piper,  when  the  angles  at  A  and  B 
••■-isured  on  the  gi-oundj  for  on  the  ground,  anglfw  uro 
nsured  with  precision  than  distaucea;  and  on  jmpcr, 
uj'^iMK  -  i-.wi  \>e  laid  down  more  accurately  than  angles. 
KL  Vmi  •r  Trtg*n»mt*wT. — The   tigure  to  be  measured  on   the 
:i(l  ki<l  down  on  the  jwper  being  in  most  cases  a  IriangUf, 
1 1  of  niuthemutics  by  which  the  necessary  edculations 
p»;rIormed  is  that  which  rtJatcs  to  the  figures  and  dimensions 
iglfs ;  tJial.  18.  TrIoosometrt. 

en  i'  1h  formed  by  the  three  points  is  of  such  extent 

he  of  the  eaith  may  be  neglected,  its  sides  ar» 

ily  stiaijjht  lines,  and  the  rules  of  Plane  Trigofnometry  are  to 
used.     When  the  ciu^ature  of  the  earth  has  a  sensible  efliect, 
a  of  the  triangle  arc  to  be  considered  as  being  nearly  arcs  ofi 
of  a  radius  tqusd  to  that  of  the  «irtb,  and  recourse  must  b« 
Spherical  Triyoii'iinHry,    This,  however,  isof  raixj  occurrence 
eya  made  expi-eswly  lor  engineering  purposes.     The  principl 
ericftl  trigonometry  aw  also  occasionally  required,  when  aa* 
has  been  measured  on  an  inclined  plane,  to  compute  the  cor> 
ding  angle  us  projected  on  a  horizontal  plane. 
Chapter  til.  will  be  given  a  summary  of  those  trigonometrical 
ffirmalm  which  are  useful  in  surveying. 

11.  The   CSfaeral   Order    of   OpcmUon*    In    EuglnecrlHg    <vcod«s*7 
it  the  following,  or  nearly  so : — 

L  The  reconnavssance  or  exj^loring  of  the  country  by  the  engineer, 
with  a  view  to  ascertaining  in  a  general  w-iy  the  facilities  which 
itaffonls  for  the  propttsed  work,  and  determining  appr<.)xiiuately  the 
bfrt  riti'  or  Cf^iurse  for  that  work.  In  this  process  the  engineer 
will  pay  attention  to  the  geological  structure  of  the  ground,  ^ii^i^^l 
Ibf  ajtirces  from  which  useful  materials  may  be  obtained :  he  wilU^H 
bf  aided  by  obtaining  the  best  existing  maps  or  ]ilan8  upon  a  ^H 
nitablc  nceStt,  if  any  Biich  are  to  be  had,  and  by  the  taking  of — 

IL  Flying  levels. — These  arc  obser\'fttionB  for  ascertaining  the 
Mt-TStiouH  of  detached  jjoints  of  primary  importance  as  regartls  the 
TOcticability  and  coat  of  the  work,  and  the  selection  of  the  lino 
writ;  buch  as  passes  across  ridges  and  valleys,  and  points  where 
Ktmctiires  of  magnitude  may  be  requii-ed. 

U..  .t,..i„,,..r  ha\Tng  thus  determined  generally  where  Lis  pro- 
{o-  ^ill   li6  situat*.Hl,  proceeds  to  make  a  more  definite 

-»~  jtitei,  bjr  the  -nid  o£- — 


i 


asowKKBiyo  oeodest. 


IIL  Prdiminart/  Trial  Sections,  made  br  taking  oontinnooa 
liiief*  of  leretfl  in  wiiich  distances  as  well  as  lieighta  are  mea«ureil 
Thwe  may,  or  may  nt.>t,  be  accompanied  by  a  rov^gh  swrom/  a 
phn, — the  necessity  for  which  will  depend  very  much  on  th* 
character  of  the  existing  ma[>a.  The  engineer  is  now  enabled  to 
determine  the  site  of  tlie  work  with  a  degree  of  })reci.Hion  <lei»end- 
ing  on  the  care  and  skill  that  have  been  l)eatowed  on  th<;  pre* 
lioiiuary  operations,  and  to  fix  accordiDgly  what  extent  of  ground 
is  to  be  embraced  in  the* — 

IV.  Detailed  Swueif  and  Plan,  aa  to  the  conduct  of  which 
further  remarks  will  lie  made  in  Article  12.  The  time,  labour, 
and  money  expended  on  this  survey  will  be  the  leas,  the  grater 
the  precision  with  which  the  best  line  has  been  found  by  means  of 
the  preliminary  operationa 

V.  AdditioiuU  Trial  Seciiona,  both  longitudinal  and  transvenc, 
are  now  to  be  made  with  the  aid  of  the  detailed  })lan,  so  as  to 
fix  exactly  the  best  line  for  the  proposed  work  that  can  be  found. 

VI.  Marliny  tJie  Liiie. — The  line  bo  fixed  is  to  be  drawn  on  the 
plan,  and  marked  on  the  ground  by  stakes,  or  other  gtiitablo 
objects.     (See  Article  13.) 

VII.  The  Detailed  Sixlion  is  now  to  be  pre[mred  by  can-fiil 
and  accurate  levellings,  so  as  to  exhibit  a  datum  horizontal  line, 
a  line  representing  the  surface  of  the  ground,  and  a  Hue,  or  liaea, 
marking  the  levels  of  the  proposed  work.  Certain  heights  and 
other  information  should  be  marked  in  figures,  as  will  afterwank 
be  explained.     (See  Articles  14,  15,  and  l(i.) 

VIII.  l^rial-Pits  and  Borinijs  will  bo  proceeded  with,  while  ths 
levelling  for  the  detailed  section  is  in  progress,  in  order  to 
ascertain  the  strata  of  the  gtxHUKl.  Borings  am  the  less  eontly,  in 
time,  labour,  and  damage  to  the  ground;  but  pits  are  the  mora 
satisfactory  to  the  engineer  and  the  contractor.  Tlie  reiiiilts  of 
the  trial-pits  and  borings  may  be  marked  on  a  plan  and  section, 
for  the  use  of  the  engineer.  (See  Article  17.)  Further  remarin 
will  be  made  on  these  matters  under  the  head  of  earthwork. 

LX.  Desiyna  and  Estimates. — The  engiueer  will  now  tlcaign  tho 
structures  required  for  the  pro|>osod  work  with  autficicnt  preciaitm 
to  enable  him  to  estimate  th«;ir  j^rolmbln  cost.     (See  Article  17.) 

X.  Parliamentary  Proceedings.  —  In  the  event  of  its  being 
nooessary  to  ap]ily  for  an  act  of  parliament  for  the  execution  in 
the  work,  a  filan  and  section  and  book  of  i-eferenee  to  the  plan 
will  be  prejiared,  and  wpic-s  of  them  d('{x>sit^'d  in  certain  puUio 
offices,  in  conformity  with  the  standing  orders  of  the  House  of 
Lords,  and  also  with  those  of  the  House  of  Commons.  No 
attempt  is  made  in  this  treatise  to  give  any  summary  of  those 
standing  otxlem,  becaiisej  as  they  are  UuVAe  Ut  W  amended  and 


ORDER  OP  OPERATIONS,  11 

to  in  each  session  of  [larliaxDent,  the  only  means  of  ensuriug 
' — M»  witli  theni  is  for  the  engineer  tr>  pro'vide  himself  with  a 
the  stBLniling  oi-dera  for  the  se-ssioa  during  whicii  tiie  act  is 
ii|ipUed  for.     Those   for  a  preA*ion8  sesaion,  even  for  that 
liaU>ly  precp^Iing,  ore  unsafe  guides, 
X  ^  Lines  and  Leveln,  under  Potcerg  of  DetfiatioTi. — 

la  I  .it.idU  of  the  phm  and  s^'ctioii  of  a  work  requiring 

ihp  ttijtin-'rity  of  jwirli.nment,  tLei-e  is  seldom  or  never  time  to  select 
ibe  best  line  and  levels  with  jirecision.  In  order  to  affoi'd  an 
oppcrtanity  for  afterwards  amending  the  line  and  levels,  powers  of 
iitliug  frum  those  shown  on  the  parliamentary  ]>lan  and  section 
I'D,  the  extent  of  the  jiower  of  lateral  deviation  bemg 
led  on  the  plan  by  dotted  lines.  The  usual  extent  of  those 
of  deviation  is,  latei-ally,  100  yards  either  wny  in  the 
nod  10  yards  either  way  in  towns  ;  and  vertically,  tive 
njiwards  or  downwards  in  the  country,  ami  two  feet 
or  downwards  in  towns ;  but  greater  or  less  [>owers  are 
ib  special  casea  After  the  act  of  ])arliamcut  has  been 
he  engineer  will  avail  himself  of  the  })ower  of  deviation 
e  work  more  economical,  or  otherwise  to  improve  it. 
iUowing  four  ojierations  will  then  proceed  together  : — 

XII.  Su'ney  for  Land  Flan^. — If,  as  is  often  the  case,  the 
pirvious  survey  referred  to  under  Operation  FV.,  has  been  executed 
too  kastily,  or  plotted  on  too  small  a  scale,  to  serve  for  the  plans 
that  are  to  h>e  used  in  the  purchase  of  land  and  execution  of  the 
•ciA,  a  more  accurate  sun^ey  must  now  be  made  for  that  piu-pose ; 
hot  thi»  new  survey  being  ooufined  to  the  ground  finally  selected 
for  the  site  of  the  work,  will  be  of  comparatively  sujall  extent. 
(See  Article  18.) 

XIII.  Jf'tnmng  emd  Setting-out  the  Line,  consists  in  marking,  by 
itektt  c  t  •'  on  the  ground,  the  centre  line  of  the  proposed 
•orit.  a^                 <ixl 

XIV  Sectioju  are  prepared  by  taking,  with  great  care 

ad  pr<< .  levels  of  the  ground  along  the  finally  selected 

va&n  line,  and  as  many  lines  of  transverse  sections  as   may  be 
plotting  the  resvdts  on  a  sufficiently  large  scale  (see 
t?^^,  p.   7),  and  drawing  on  the  sections   of  the  gi-ound  so 
lin«)  to   rppresent  the  intended  levels  of  the  work.     (Se« 
ea  14,  15,  and  1(5.) 

S«tiituf-oiU  die  Breadths  of  Land  required  for  the  work  is 
rnMwl  both  on  the  ground  and  on  the  land  plans  after  those 
„  Itha  have  \^^:n  calcalated. 

The  Irtod  rt'quireil  can  now  be  fenced,  and  the  execution  of  the 
Turk  ]irr.ir«'tKlL'<l  with. 

il  Ow*tr  m€  OpmOlMM  tn  the  J>«inllrd   Bmrr^y, — It  will  nOW  be 


I 

i 


19 


EMaLMECBIKU   GEODESY. 


Btated,  in  greater  detail,  what  steps  are  tAken  in  making  die  surf 
refen-ed  to  undur  Head  IV.  of  ArticlB  11,  p.  10. 

(a.)  .SWfc/t'm/  Priitcipal  Stations. — The  surveyor,  making  a  genei 
exj)lonition  of  the  ground  to  be  Burveyed,  will  choose  a,  aeries 
BtuliouM  placed  generally  on  the  highost  and  moat  ojien  ^>uiid ; 
tliat  each  station  may  command  as  extcinsive  a  view  as  fiosaibl© 
the  givjund  to  be  sur\-eyc<l,  and  that  a  pole  or  other  Bigruil  plafl 
at  each  station  may  be  distiuetly  visible  from  the  neighbouri 
stations.  These  stations  should  also  be  chosen  so  that  the  im^ 
nary  linea  connecting  them  with  eaeh  other,  and  with  a  aeriM 
oonBpicuona  objects  in  tbeir  neighbourhooil,  such  aa  t<)wers  M 
^  spires,  may  cover  tho  district  to 

surveyed  with  a  network  of  lai 
triangles,  having  no  angle  less  tfa 
30',  or  more  than  loU";  two  ang 
at  least  of  each  triangle  being  am 
sible  stationa 

With  the  exception  of  barbooi 
most  great  engineering  works  a 
long  lines  of  communication,  mM 
as  railways,  roads,  and  camtls;  n 
tho  survey  required  for  a  wocki 
that  sort  embraces,  in  general, 
long  narrow  band  of  country,  usiudi 
about  a  <]uarter  of  a  mile,  and  selda 
more  than  half-a-mile  wide.  Let  tl 
two  dotted  line--^  in  tig.  3  repRM 
part  of  the  baud  of  country  to 
surveyed  ;  the  princif>al  statioua,  t 
B,  C,  D,  E,  ikc,  are  to  be  chosen 
as  to  form  the  junctions  of  a  seiitt 
straight  lines  running  along  tl 
band,  cacIi  line  as  long  as  may 
praeticiiblo  consistently  with  obta 
lug  good  points  for  st-ation-s.  Th( 
are  called  base  linu,  or  pnnd§ 
sUitmt.  tinea.  The  network  of  t 
angles  is  to  be  completed  by  selei 
ing  a  series  of  latenl  objcctR,  F,  < 
H,  itc.,  which  may  be  high  buildup 
ConspicMious  trees,  ic 
The  principal  stations  are  to  bi«  miirked  permanently  by  tiah 
and  temporarily,  when  require*!,  by  poUts  and  Oagd. 

{b.)  Eanffiny  Principal  JStnlion  Lines. — When   the  linos  ar« 
lifred£  Jengthj  or  Lave  uneven  grovmOi  luid.  olVLtx  <a\>&Xibja\!eavsk.t4i 
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may  be  necesBary  to  mark  intermediate'  fiointu  in  t!icm 
nnd  polo*,  as  well  as  the  cxtreinitios.     Tfiis  is  iilwaj's 

Li  tbere  lire  parts  of  a  station  line  from  which  its  ends 
'iem.     Chainiiuj   Bnse   LhifA. — Tlio  mirvuy 
fTi.mgles  nijgbt  Iw  niftde  by  meaBuring  one 
I  the  leuL'tba  of  all   the  other  sidos  of 

111  thoir  iioglea    But  for  thti  purposes  of 
■w  eurvey>»  nHjuirod  for  cngiiUM-ring  projwta,  it  is 
:.    :it  to  meaj;iire  each  of  the  principal  stutiou  lines  AB, 
.ire.,  by  Uie  chain,  in  oj-der  to  ascertain  the   positions  of 
I..  ..,.;!,(«  suitable  for  8(H.'omlary  stations,  and  also  of  the 
•  Incipiil  station- 1 ines.  croas  roads,  fences,  strcti 
•'■'•  tjround.    TL»?  t<'rra  "baso  line"  ia  specially 
which  fti-o  th\ia  directly  measured.     The 
Liioii-^  ui   ulje  base  lines  are  determined  by  measuring 
;1«M  ^-i  A  B  C,  .^  B  0  D,  ^c::  0  D  E,  <tc.    The  moasnremeutf' 
;;lee  made  by  distant  objt-cta  vrith  the  base  lintw,  Huch  as 
.  ^=:r  F  B  C,  1=:  0  B  G,  ^  B  C  F.  ^  B  C  G,  ^  O  0  D, 
I  ve,  l>y  the  aid  of  trigonometrical  iiilciilation,  to 
of  the  other  liuefu-  luid  angular  im  lusui-euieiita, 
i  e  shown. 

-1  of  linear  and  angular  measurement  is  called 
tntKvr*u*'j.  It  haa  now  been  described  as  practisetl  on  a  gii-at 
«adc.  with  priru-i|i;d  vt;t<toti  Hnt"'  of  several  miles  in  length  ;  but  it 
m  •}■  in  aurvejing  objecta  which  are 

lone:  •■>'*  roads  and  rt reams. 

—The  survnyor  will  choose  a   Bet   of 

le  course  of  the  princijial  station  lines; 

X-,  -i.  A,  r,  dt  tsf, — others  at  convrnient  lateral  fiointa ;  as.  g,  A,  i.  j,  k, 

I     .    r.     th«    whole  fHj  Bituiito<l  that  the   lines  connecting  them, 

m  a  network  of  snuiller  or  secoruiary  trianglej,  may  lie 

•    Ti.-nr   to   the    fences,    streams,   buildings,   and    other 

al,   io  enable  thcfic  to  be  anr^-eycd  from  theni    by 

L  i.ii  viii>d  of  Aiiicle  9,  p.    8, — that  is,  by  distances  aod 

Survey  of  Detnils.  —  Tliis   nuiy   be   performed   wholly 
of  dutftncc^  and  ofHicta ;  but  time  and  trouble  m^y  oftem 
■'  '  ''      -iilar  measurements. 

;Uid  money  as  far  as  possible,  the 
Jyr  '.  (J  [u-^t   l)oon  enumerated  BhooLi  be  carried 

sn.  I:- .  ornately. 

.  aiiMl   a<bnr    lul«raaBtl«M  wHO«i    •■  PlMH. — 
_  tlie  centi'o  line  of  a  niUway,  cujitil,  or  oth>'r 

'  eotmuuiiiuilioii^  a  aoahs  of  distances  ifl  to  b«  marked  : 
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the  whole  of  its  length,  oommencing  at  one  of  its  ends 
"  termini,"  Accordiug  to  stAtiding  orders  which  have  been 
force  fur  many  years,  timt  sciile  of  diatanoes  on  the  |j1»ii  of  a  p 
poeed  ruilwiiy,  is  to  show  each  mile  and  furlong  from  the  c( 
neDcement  of  the  ceiitrt'-line;  all  radii  of  curves  wliich  do  iwt  at 
one  mile  ui-e  to  Ijo  writt«?u  on  the  plan  in  /ur((nt{f»  ami  ehai 
and  the  lengths  of  ]iroposed  tunnels  in  yards.  The  information  t 
writt«'n  on  the  ]ilan  is  useful  to  the  engineer,  independent!] 
its  Iw'ing  prcHcnhed  It  is  also  useful  to  the  euginw^r,  althoi 
not  prP8crib(H.I,  to  have  the  levels  of  inij>orlJint  points  written  on 
plan,  or  shnwn  by  the  aid  of  cojitour  lines  (which  will  bo  furt 
explained  attei'virards),  especially  when  the  plan  is  to  be  used 
selecting  a  lino. 

1  i.  t>iMaucF«,  nalain-i^oiiil,  ndgbt*.  aad  olher  InferMnliaM  wrti 
*M  liir  Mectlon. — The  horlz^iutal  datum-line  of  the  seoticm  sliould  ll 
uarktH]  on  it  a  .ncalo  of  distances  corresponding  with  thoKe  uiar 
along  the  centre-line  on  the  plan,  in  order  that  eorrospond 
points  on  the  plan  and  section  may  l>e  readily  found ;  and  gu 
aire  should  bu  taken  that  hoi-izontal  distances  on  the  plan  i 
flection  exactly  agree. 

Alongside  tla^  datum-line  on  the  section  there  should  b( 
written  statement  of  the  elevation  or  depre-ssion  of  the  honxoa 
surface  which  it  represents  ns  compared  with  what  is  callud  I 
"  DtttTitn  flxe<l  [loint;"  that  in,  a  well-marked  and  easily  found  p* 
on  some  jwrmanent  object,  which  (us  prescribed  in  the  stand 
orders  of  ]>arliameDt)  should  be  "  near  one  of  the  termini "  of 
propoMcd  wurk.  The  chief  requiiutes  of  an  olijeot  for  that  purp 
tti"e,  jiemiaucnco  of  position  and  easy  identiiication ;  so  that, 
the  whole,  some  jwrtiou  of  the  masoniy  of  a  building  (a  pul 
building,  if  jKJSHible),  such  as  the  uj>per  side  of  a  window-i 
plintli,  or  string-course,  may  be  considered  as  the  l>est.  Door-sills i 
deficient  in  permanence  because  of  their  liability  to  be  worn  down 
the  feet  of  persons  passing  in  and  out;  neverthelei48,th«-y.«ire  frcqU(<Q 
used  as  datum-points,  and  not  objected  to.  Tlie  u]>i)er  surface  of 
rails  of  a  railway  at  some  specified  p«iint  is  often  referred  tff 
a  datum,  it  ml  considered  sufficient,  although  its  elevation  u 
from  being  [x;nnaneut.  Amongst  objects  utterly  unsuitable 
this  purp<js€i  may  be  mentioned,  all  surfaces  whose  levels  > 
continually  changing,  how  alight  soever  the  change  may  be,  8| 
as  the  "  top  water  h^vel "  of  a  oaual,  and  all  ideal  horizon 
Bur&ces. 

Amongst  other  information  to  be  marked  in  writing  on  n  soct 
are,  the  heights  of  the  princijial  parts  of  the  projKwjed  work  »b« 
the  horizouUl  datum-line,  and  in  particular,  in  the  case  of  »a 
^ravj  those  of  the  up|)ev  surface  of  tUe  raWa  aX  \.\ift  ^vuVa  ^luG& 


feBC(CH  MARKS — CHECKINO  t.CVCLS,  ETC. 
the  several  rates  of  inclination  of  proposed  rail- 
U>  bo  altered  for  tiie  purpose  of  making  tbem; 
leptbs  of  cuttiTigs  aiiil  heighta  of  embaukineuts  ;  the 
bnels  and  viaducts;  the  altiimtiona  of  level  and  in- 
%e  made  in  existing  lim^s  of  communicatioLi ;  the 
Ibe  stnictnres  to  \x>  use<i  for  passing  them,  whether 
,or  under,  or  level  cixuse^ings;  and  in  the  caae  of 
)gvB  for  existing  roads,  the  width  of  roadway  which 
rido,  and  if  they  pjiss  over  the  roads,  the  height  ol 
|o  far  as  those  items  of  information  are  njquired  by 
jdera  of  parliament,  reference  must  be  made  for 
Elding  ordei-s  themselves,  as  has  been  already 
X  of  Article  1 1. 
tion  should  state,  in  writing,  the  level  of  the 
^of  the  projtosed  work,  and  the  height  of  embauk- 
^  of  cutting,  at  every  point  of  the  ground  whose  level 
fcn ;  those  quantities  oeing  found  by  calculation,  not 
knt  on  the  fiaper.  It  should  also  state  the  positions 
UyrBencb  marks." 

^^pa  are  fixed  objects  whose  levels  are  known, — in 
Pi^atum-]x)lnt8, — distributed  along  the  cotirsje  of  the 
K,  at  distances  of  from  half-a-mile  to  a  mile,  and  near 
r  "  '"I  structures  of  irajxirtance,  such  as  bridges. 

^  lijocta  cjinuot  be  found,  the  heads  of  large 

li-'i'  tiie  purjK>8e  will  answer.     They  should  be  placed 
|yiil  aot  be  disturbed  during  the   execution   of  the 

^^^^P(  consists  in  taking  the  levels  of  points  over 
'the  correctness  of  previous  levelling.  lu  preliminary 
lit<iry  sections,  the  levels  of  the  more  impoi'tant  points 
eammltd  of  hills  and  bottoms  of  valleys,  crossings  of 
I  of  communication,  and  bench  marks,  require  to  be 
forking  sections,  eveiy  level  taken  should  U;  checked. 
•na  vad  Borla||a  mmrkcd  aa  Plitn  and  Setrtioa. — It 
be  engineer  to  have  a  copy  of  the  plan  and  section  of 
ork  on  which  the  results  of  trial-pits  and  borings  ape 
tlie  estiniat«d  cost  of  each  part  of  the  work  written 
k  position  on  the  pafter. 

Eilac   a*   a   Bii>c    for    I>BBd-Plaa    RarvcT. — When   the 

If  a  |)ropo8ed  railway  has  l>een  carefully  ranged  and 

fc  may  be  nseil,  whether  straight  or  curved,  aa  a  base 

idary  triangulation  of  the  survey  for  the  land-plans, 

insulation   being    dispensed   with,   and   each   stake 

ion  in  the  survey. 

Pr«^rt7  «o  he  ar«ided.— Ail  operations  of  engi- 
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neering  field-work  ought  to  be  bo  conducted  as  to  do  as  litiie 
damage  as  possible  to  i£e  property  traversed. 

20.  ArrangeMeat  of  Ui«  ensalag  Chupterm, — The  operations  cf 
surveying,  levelling,  and  setting-out,  having  been  enumerated  and 
explained  in  a  general  way  in  the  present  chapter,  the  remaining 
chapters  of  this  part  will  be  devoted  to  the  explanation  of  details 
relative  to  certain  branches  of  the  subject,  in  the  following 
order : — 

Surveying  with  the  chain. 

Surveying  by  angular  measurementa 

Levelling. 

Setting-out  works. 

Marine  surveying. 

Copying,  enlarging,  and  reducing  plans. 

The  explanation  of  some  of  the  peculiarities  of  surveys  for 
particular  classes  of  works  will  be  reserved  until  those  works  thent* 
selves  come  to  be  considered. 
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n.  HBflui  aail  M«nMl«< — The  marks  fixed  at  stations  to  enaTile 
I  to  be  readily  found  are  umially  stakes,  of  size  and  utTcngtli 
eul  tw  gu&rd  against  th«  risk  of  their  being  disturbed.     In 
they  should  be  driven  to  the  hi?ad,  or  nearly  so.     If,  for 
station-mark,  greater  pemuiuence  is  desired  than  can 
obtained  by  means  of  a  stake,  a  block  of  stone  may  be  used, 
iiftvlnir  a  cross  cut  on  ita  upper  mirfacu. 

1  moi'k  tixod  at  the  station  iteolf  would  be  liable  to  be 

f'liir  stakes  may  be  driven  bo  that  the  intersection  of  the 

joining  them  dingonolly  may  murk  the  stution;  or 

>-    .  .  ......     rUikfs  may  be  driven,  and  the  distances  of  the  Btatiim 

fcuiu  tbem  mi-a.snred  aud  uote<l  down  ;  or  the  dlstauce  of  the  station 
bm  any  two  or  more  well -defi  nod  permanent  objects,  such  as 
eDrnen  of  buildings,  may  be  measured  and  uot*id  down;  or  if  two 
lent  object*  can  be  found  which  lie  in  one  stmight  line  with 
tjon,  that  fact  can  be  noted,  together  with  the  distance  of 
|tUti<iD  fn)ra  one  of  the  objects.  The  jtoints  where  station-lines 
I  fenc«a  are  marked  by  notches  upon  timber  aud  grooves  ujKjn 

Cm  cigoalB  set  up  at  stations  to  make  them  visible  from  a  dis- 
r  unudly  consist  of  poles,  with  or  without  flags.    Ordiiiary  poles, 
earned  abont  in  the  field,  may  Iks  from  six  to  nine  f»'et 
J,  paint«d  in  alternate  lengths  of  black  and  white,  and  sbtKl  with 
For  fin^,  altlinugh  white  is  the  colour  that  is  seen  farthest, 
\h  tt)  iiyiloyed,  as  being  nioz-e  eu.sily  distiugiiished 

'.s  by  those  who  have  no  defect  in  the  per- 
'lu".     To  mark  the  end'?  of  long  station-lines,  poles  of 
M  KMch  as  twenty  or  thirty  feet,  are  often  required; 
d  n;>])e  htays  to  keep  them  upright 
M  be  taken  to  set  up  and  keep  all  poles  in  a  truly 
;ind  tAll  jienuanent  poles  shoidd  be  adjusted  by 
I  ol  ..  |Mijiiii>-lin<*. 
'or  the  teraporaiT  marking  of  points  in  surveying  det-iils,  bits  of 
tjr  oBerd,  held  in  cIpA  sticks.     These  are  c&Iied  "  whiteB." 
a 
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To  facilitate  tlto  rangiug  of  long  stution-Unoa,  it  is  useftt 
chouse  them,  when  oi)jM.»rtuiiitii*3  odciir,  so  aa  U>  ruu  Jirectly  fcoWl 
soiQO  cuu8[iicuou9  (ixi^tliig  oWjict,  8Uoh  »b  a  Iruu,  a  si>ii-i!,  ur  a  li 
chiinnty.  i 

22,  The  BnrTvyinB  Ckain. — For  mconuriTig  with  extmordi] 
accuracy  tlie  bases  of  national  trigonometrical  surveys,  rr«Ia  of  | 
aucl  of  luetiil  have  been  iiscil — a  cMjrreciiou  for  expivtision  by| 
being  made  either  by  calculation  or  by  mcchuni«m :  aUo,  fl 
cbaias,  made  of  flat  link.s  connected  at  the  ends  by  jiiiis,  and  I 
ported  in  accunvtcly  levcllt^d  troughs,  the  tension  being  inaintM 
coDst&nt  by  a  weight  hari{(ing  over  a  pulley,  and  the  correctioii 
expansion  made  by  calculation.  I 

In  ordinary  survevH  for  engineering  works  so  great  a  degrs 
accuracy  is  uuneceasary;  autl  the  iuBtrument  generally  used 
measuring  diKtaiict«  is  the  common  surveying  chain,  which  cool 
of  one  hundred  straight  links  of  iron  or  steel  wii-e  of  f<^jual  leM 
having  eyes  on  their  ends,  and  connected  together  by  oval  ril 
There  are  usually  three  of  those  rings  between  each  jmir  of  stmi 
liukB.  Tlie  joints  of  the  rings,  and  those  of  the  eyes  of  the  lii 
should  bo  welded :  the  chain  is  thus  rendered  much  less  liBblj 
stretch  than  if  those  joints  are  oymn.  Eiich  distance  of  ten  1| 
from  either  end  of  the  chain  is  marked  by  a  peculiarly  shaiied  pj 
of  brass,  so  that  the  mark  at  ninety  links  from  one  end  is  eiil 
to  that  at  ten  links,  that  at  eiglity  links  to  that  at  twenty, 
on,  the  middle  of  the  chain  being  marked  by  around  piece  of  ll 
At  each  end  of  the  chain  is  a  handle. 

The  chain  (<hotild  measure  its  oon-eot  length  from  outside  to 
side  of  Ui«  handles. 

As  every  chain  which  is  in  daily  use  in  the  field  is  liable  to 
its  length  increased  by  the  continual  sti-ain  upon  it,  and  diminJi 
by  the  bending  of  the  links,  and  by  dirt  getting  into  the  nof^ 
ought  to  have  its  length  tested  every  day  by  comparison  wit 
'*  standard  chain,"  u.sed  lor  tlf  mh  jnnposo  of  testing  other  cfal 
or  witli  two  marks  on  a  wall,  or  on  a  [)air  of  stakes,  whose  djsi^ 
apart  haa  been  veiy  accurately  adjusted.  The  length  of  the  worl 
chain,  when  found  to  Ikj  erroneous,  cau  be  corrected  by  BtnugitI 
ing  the  links  and  cleansing  the  rings,  and  by  hammering  the  U 
BO  as  to  make  them  longer  or  shorter  as  may  be  required.  I 

Tiie  chains  most  commonly  used  in  Britain  are,  "Gunters  Ch4 
of  66  ftM't  (in  which  each  link  is  -GG  of  a  foot  or  7'92  inches),) 
the  chain  of  100  feet.  The  advantages  of  Gunter's  cluiin  ars 
being  an  exact  decimal  fraction  of  a  mile  (one-ejghtieth,  or  "Olj 
and  the  square  described  upon  it  being  one-tenth  of  an  acrei  f 
100-foot  chain  has  the  advanttige  of  giving  at  once  dimensioBi 
fyet,  which  are  convement  in  the  Galc\i\a.^ou  ol  v^ua^^tiiua  o£ 
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a  "  cluiin"  is  spoken  of  without  qtmlification,  Gunter'a  chaia 

The  ehmn  is  nsnally  aooompanied  by  ten  skewers  called  "arrows," 
llBJulc  of  '  K-el  wire,  having  a  point  at  one  end  and  a  lai^e 

'rinff  nt  I  .  marked  with  a  piece  of  red  cloth  to  make  it 

moe.     Some  sui-veyora  prefer  to  use,  in  chaining 
:i  arrows,  nine  of  iix»n  or  steel,  and  ton  of  brass. 
i  I  ifcd  by  two  men,  called  respectively  the  "leader** 

In  meaiuring  the  length  of  a  station-line,  the 
llower,  in  a  crouching  attitude,  holds  one  end  at  the  commence* 
■  if  tlie  line,  and  the  leader,  carrj'iug  with  him  all  the  arrows, 
iLx  eyes  on  the  object  which  marks  the  distant  end  of  the  line, 
Htniight  tnwui-ds  it,  dragging  the  other  end  of  the  chain 
hiin.     When  tho  chain  is  tightened,  the  leader  crouches 
■  -^ide  of  the  hne,  holding  near  the  ground  an  an-ow 
>t,  in  Uie  sam«j  hand  which  gi-asps  the  handle  of  the 
I  dttiii.     1  ra-  tollower  »ees  that  the  chain  is  tight,  straight,  an^J 
^giKBtuigled,  aud  duecta  the  leader  by  words  or  gestures  so  as 
hita  stick  the  anow  into  the  ground  exactly  in  the  align- 
The  lea/^ler  and  follower  then  rise,  and  advance  until  the 
!•  :"  aiTow  that  marks  the  end  of  the  first  chain' 

LI;  to  lay  o'u  a  second  chain-length  and  fix  a  second' 

belore,  and  80  on.     The  follower  picks  up  the  an^ows  as  ho 
tto  that  by  counting  the  arrows  in  his  hand  he  can  tell  at 
'moment  how  many  entu'e  chain-lengths  have  been  measured. 
I  fizilig  the  tenth  arrow,  the  leader  cries  in  a  loud  voice  "  ten,'^ 
'change;*'  tlie  suneyor  notes  in  his  field-book  that  ten  chs 

.  measured ;  the  leader  stands  still  until  the  follower  has ' 

to  him  and  handed  him  the  nine  previotisly  picked-up 

the  follower  holds  his  end  uf  the  chain  at  the  murk  made 

the  tenth  arrow,  whicli  the  leader  (if  there  are  ten  arrowa 

then  picks  up,  and  advances  with  all  the  ten  arrows  in  hia 

to  oomtneuce  the  measurement  of  the  next  ten  chains.     If 

--      ■       imu  arrows  and  ten  biass  ones,  the  leader,  ha\'ing 

IP  iron  aiTowB  in  marking  the  fii-st  nine  chains,  marks 

Ki  tenth  chain  with  a  bi-aas  arrow  j  and  when  the 

up  to  him,  t.<^ke3  only  the  nine  iron  arrows,  leaving 

•allow  to  be  picked  up  by  the  follower  when  the  next 

length  luw  l>een  measured-     In  this  case  the  follower,  at  any 

ient,  cau  tell  the  number  of  entire  tens  of  chains  which  haveJ 

•Hr.  1 1  Bkoll  (£«ym«rtiijf /VeU- If  ori)  judiciously  recommends  ihiit  word*  alone 
I  med  far  ibii  pofpoM',  In  order  that  tlie  lender  may  fix  bi»  eyes  on  the  arrow,  ana 
It  ryiMCtlj  Ttnint.  Ilw  foUi'wer  dimiting  liim  to  move  it  to  one  side  or  U« 

r  br  taring  **tO  jroa*  md  "(roiu  yuu,"  aad  to  fix  it  in  Uie  grotmd  by  Uia 

1  ••'buiiL" 


been  obaine<l  by  counting  the  bnua  arrows  in  his  hand,  and  tl 
numl.K>r  of  chains  over  and  above  the  entire  tens  of  chains  by  comt 
ing  the  ii-oii  nnuWB;  and  thus  a  check  is  kept  upon  the  nuniWir  ( 
eutii-e  tons  of  chains  noted  in  tlio  siirveyor's  ticld-book.  At  tl 
end  of  each  hundrtnl  clmiiis  the  leader  receives  back  all  the  fanu 
arrows  us  well  as  the  iron  ones. 

If  the  leader  takea  caro  while  advancing  to  keep  his  eyes  fixfl 
on  the  sigiiid  at  the  distant  end  of  the  line,  he  will  b<?  able  to  dn^ 
the  chain  forward  in  the  true  alignment  with  very  Little  directia 
from  the  follower. 

The  follower  while  advancing  should  allow  the  chain  to  slaoko 
and  should  take  care  to  keep  it  clear  of  the  arrow,  and  of  ohjwl 
which  rtiay  entangle  it. 

As  the  chaining  goes  on,  the  sun'oyor  not«H  the  distanoos  fan 
the  ooramencement  at  which  the  station-line  ci-osaea  all  fenoa 
boundaries,  banks  of  fitreams,  sides  of  roads,  and  other  objeetB  t 
b©  shown  on  the  j^lau ;  alao  whew  it  crosses  other  station-lines,  n 
where  jKiints  occur  suitable  for  intermwliate  stations  in  the  survq 

23.  Ckalaina  wb  m  I»«ollrlir— R««lacli*n  to  ibe  liorrl.—  In  chtil 
ing  np  or  down  a  slope,  the  distance  actually  measured  must  t 
reduced  on  the  |)Ian  to  the  projection  of  that  distance  on  a  hoi 
sontal  plane.  The  most  convenient  way  of  effecting  this  is  b 
means  of  a  corre^linu  in  links  nn<l  fractions  of  a  link  tfj  !'  '3 
from  each  chain.     This  cori'tction  being  knttwn,  may  l 

mechanically  during  the  chaining,  by  pulling  the  chain  i  l| 

each  chain-length  through  a  di.staiice  equal  to  the  reijuired 

The  following  are  various  fiinuulw  for  couiiiutiTig  t  he  eorrcc 

When  tlio  angle  of  inclination  has  been  nieasuivd  liy  a 
meter"  or  other  angular  instrument  j 

Connection  iu  links  per  chain,  =  100  x  vereed  sine  of  inclination, 

When  the  veitical  fall  in  links  for  each  chain  of  distance  on 
slope  is  known  j 

Correction  in  links  per  chain  =  100-  ^lOT^Oinnfell*;  (2.) 

and  when  the  sloi>e  is  gentle,  the  following  apfiroximate  ft 

twill  answer: — 
Correction  in  links  i>er  chain  =  „-=^  nearly 
To  save  calcxilatioK,  most  clinometers  and  theodolites  ha 
correction  for  declivity  marked  on  the  "  limb"  or  graduate<^l 
on  which  atiglos  in  a  vertical  iiLine  are  measured 
Experienced  surveyore  learn   to  estimate  this  correction 
Oonsidenible  accui-acy  by  the  eye. 
'  Its  itse  may  often  be  dispensed  mtii\jy  a\,iKi'Oi\CvB,%\.\iVi  cVvaiaisii 
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ta\  position;  the  up-hill  ond  touoLitig  the  ground,  ami  the 
the  ground  eaactly  below  tlio  do\m-hiJl  end  bt'int,'  found 
oi"  a  jtlninb-line,  ftr  a  runging  pole  held  vertically,  or  bv 
_  an  arrow  or  a  stiine.     This  process  is  called  utejrptiuj,  and 
Iw  carrif;d  on  by  hiJf-chains  or  shorter  distonceSj  instead  of 
chftins,  on  vc-rv  *t<rop  ground, 
S4.  <MEwM  (to  which  r©fei"onoe  has  alretwly  been  made  in  Article 
r>;T.  ;.,Vin  L,  p.  8)  ai'^  ordinatea  or  transverse  distances,  meiiaured 
vm  points  in  a  station-line  to  objects  whoaa  position  is  to 
• ! ;  8och  an  bends  and  intersections  of  fences,  of  the 
of  the  bunks  of  gtrcttms,  and  of  other  boundaries, 
■"       ,  and  so  forth.     The  surveyor  notes  in  his  field- 
book  II  links  from  the  commencement  of  the  station- 
ilsot  is  made  (  A  B,  fig.  1 ,  p.  8),  and  the  length 
I  the  same  figure);  the  side  of  the.  page  on  which' 
la  muUmI  showing  at  wluch  aide  of  the  station-line  the 
Iscs,  ii«  will  )>f>  further  explained  in  Article  2^. 

jbt-angleB  to  the  station-line.     To 

11  exceed  about  one  chain  in  length 

<jt  fclirtee  chains  may  be  made  to  boundari 

'irl  to  the  stiition-line) ;  and  the  secondi 

!  the  details  of  the  gi'ouud  are  surveyed 

lingly.     The  position  and  direction  of  short 

lie  liiid  oti'  by  the  eye;  but  the  longer  offsets,  especially 

to  imjx>rtant  objects,  should  be  laid  ofl"  by  letting  fall  a 

liar  from  the  object  (at  which,  if  necessary,  a  jwle  or  a 

loay  Ix*  jilaced)  upon  the  station-line,  by  means  of  the 

iJF'  or  of  the  "optical  square." 

.L^-Staff  is  simply  a  staff  with  a  sjjike  on  the  lower  end, 
id  two  pair  of  sights  at  right  angles  to  each  other  at  the  upper 

The  Optical  Square^  which  has  almost  su}wrse<led  the  cross-staff, 

tt  m  braas  box,  contajoing  two  small  silvered  plate-glass  minors, 

whose  phines  make  with  each  other  an  angle  of  45^;  so  that  every 

ray  fif  light  which  falls  upon  the  first  mirror,  and  is  thence  rellected 

1...  thi'  ne^nid  mirror,  is  again  reflected  from  the  second  mirror  in  a 

diiei-i  ■  -  to  its  origLnul  direction.     A  portion  of  the 

•eooi  •  led,  so  that  the  surveyor  can  see  through 

il      !  -n  the  slntiou-lino,  and  looks  through  the 

mrsil  the  signal  at  one  end  of  it,  and  then  moves 

is  along  the  starion-line  until  he  sees  the 

tfi  il  '.li)rct  apijui-eutly  coiucidin;,'  in  direc- 

;  the  directiotis  of  those  two 

point  on  the  ground  directly 

Um  Optical  srjviore  ia  the  commencement  of  the  oflket  rtxjulred 
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To  adjust  the  optical  square,  make  a  rest  fur  it  l<y  dn\'ing  a  pick 
or  small  post  (which  may  lie  called  A)  foiir  and  a-half  or  five  ft 
high,  with  a  flat  top.  Siat  up  a  pole  two  or  threo  chaina  off  in  ai 
convenient  du^ection  (which  pole  may  be  callcMl  B);  look  towv^' 
through  the  tmailvere<l  glass ;  send  an  assiHtaut  to  set  up  a  secoi 
pole  (C)  in  aiich  a  direction  that  its  reflect-cd  image  apjmreuti 
coiacides  in  direction  with  B.  Then  the  lines  A  B  and  A  0  ar*"  ( 
ought  to  he  at  right  angles.     In  the  same  way,  let  the  n  -t 

up  a  third  i>ole,  D,  at  the  same  nugular  di.stfl.nee  frtm  ■ 

fourth  [x^le,  E,  at  the  same  angular  distance  from  D.  Tlien  q 
looking  directly  towunls  E,  if  theojitical  8(]uare  Ib  correctly  odjnstoj 
the  reflect«l  iuiage  of  B  will  be  seen  apparently  coinciding  in  dinH 
tion  with  E.  Should  it  not  bo  so,  oon-ect  one  quttii.er  of  the  errj 
by  means  of  the  adjusting  screw  which  acts  upon  one  of  the  mirron 
aiid  repeat  the  whole  openition  until  the  adjustment  is  exact. 

The  purpose  of  an  optical  square  may  be  answered  by  a  ba 
eadant,  the  index  being  set  to  90°.  This  instrument  will  (j 
described  in  Chapter  III.  Lines  at  right  angles  to  each  oth< 
may  sometimes  lie  marked  on  the  ground  by  setting  out  with  t|j 
ta;M)-line  or  chain  a  right-angled  triangle  of  any  convenient  dimei 
siona ;  the  projwrlions  of  the  sides  being  determined  by  the  prindpl 
that  the  sum  of  the  squares  of  the  sides  which  enclose  the  rigl 
angle  is  equal  to  the  square  of  the  hypotheuuse,  or  side  oppcoi 
the  right  angle. 

Amongst  the  proportions  of  whole  numbers  which  fulfil  thl 
oonditiou  are  the  following  : — 

Sides  endodng  the 
right  angle. 

3  4 

5         :       12 

7  U 

8  :       15 

20  :  21 

The  most  useful  of  these  proportions 
3  4 


Hypo- 
thonuMi 

5 
13 

25 

I? 
29 
8  the  first  and  simplest, 
5." 


i 


*  The  following  U  a  generki  melbod  for  finding  any  number  of  Mti  of  whole  nafl 
bera  wbicb  ere  prc^rtional  to  the  eides  of  right-angled  triangles. 

Clioose  any  two  numbers  whatsoever,  m  and  ti,  m  being  the  greater;  and  if  tbl 
are  either  both  even,  or  both  odd,  make 


mm:  V  = 


!  y 


Cbat  If  one  la  even  and  the  othcfr  odd,  muUIplv  each  of  the  abov«  expreaaloai  bjr 
Them,  «*+/=«''; 

and  X,  y,  and  t  are  proportional  to  the  three  sides  of  a  right-angled  tiiaogk.  s  con 
ipondiag  to  tiu  bypolhaaMtn. 
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two  j>ersouB  are  ttv«.jlal.ik<  to  meusure  the  Icmgrths  of  offset  s, 

may  be  used.     TLe  surveyt.r 

e  with  the  offeet-ataff, — a  light 

brass  or  irou,  teu  liuJu  lon^ 


id  clmtn  or  ft 
folTsots  vvtUkhi 
jiXi'U  pole  tij.i 


I  to  en«l,  and  tlivided  iutn  links. 
noWiB  liiav  bo  tnude,  ii* 


with 


Fig.  4. 


convenient, 
lUr  ja«tniirn«iit-,  such  fw  a  Ixjx-scxtiint  or  a  light 
in  mcttsiire  tb«  angles  wliich  they  make  with 
i-liiie.     But  in  BUi\fving  by  linwir  measure- 
»e,  obliquu  ■  mfido    in   [liiirtj   from 

[points  in  till  ' i lie  to  the  «vme  object, 

^to  flpt^nnine  lUi  |iu.^iLion  with  more  accm-acy 
uiinble  by  a  single  rectaiigiiliir  oO'set.     For 
,  .     (see  fig.   4.),   the  ))0»ition  of  the  object  D  is 
I  far  ni'-niTiring  to  it  a  pair  of  offsets,  B  D,  C  D, 
f  jwiiilfl,  B  and  (J,  in  the  station-line 
i*«,  in  fact,  belongs  to  tlie  methi>d  of 
"lies,  B  D  C  being  a  triangle  of  which 
•  measured, 
the  auglo  between  the  two  offsets,  .^ 
ches  to  a  right  angle,  the  more  accmately 
of  tho   object  determined;   and   care 
srefore  be  taken  to  make  that  angle  neither  very  acute 
fobtuae. 

on  thft  accuracy  of  tlie  operation  is  desired,  a  third 
),  may  bo  meaaured  to  the  object  from  a  third  point,  E, 
ition-line. 

jQcipal  object-s  for  which  the  additional  aocuracy  given  by 
"        is  desirable,  are  coraers  and  inter- 

ilaries.anglea  of  buildiugH,  mile-posts,  /C 

When  the  object  is  a  corner  of  a 

I  as  D  in  fig.  5,  it  is  convenient  to  make 

sta,  if  |)o8aible  (or  at  all  events  one 

a  etraight  lino  with  a  face  of  tho 

so  to  determine  the  direction  of  such 

J  general  rules  can  be  laid  down  for  surveying 
letaiLi  of  uu  intricate  building,  exce]>t  that  in 
a  rectangle  may  be  set  out  so  aa  to 
.•uni  tho  Kidea  of  that  rectangle  usod  as 
from  which  to  tsike  offsets  to  the  faces 
of  the  building.  To  survey  some 
nipletely  it  is  necesaary  to  have  access 

Trin«t«l«a. — It  has  already  been  stated  in  Articles 


u 
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9  and  12,  that  tbe  relative  positions  of  diflerettt  statiou- 
of  the  stations  which  they  connect,  are  determined  br  an 
them  as  to  form  a  complete  network  of  tmngles  over  tl 
surveyed.     In  the  absence  of  angular  iustrunients,  tbe  fipin?  ofJ 
each  uf  thoAe  triangles  must  be  determined  by  ueusuring  with  th« 
chain  the  length  of  each  of  its  sides. 

In   fig.  6,  let  A  B  represent  a  station-lino  whose  length  uul 
[joaition  are  knowu ;  0,  a  thini  station  Ifiiml 
out  of  the  Line.    Then  by  measuring  " 
remaining  aides,  AC,  BO,  of  th. 
ABC,  so  that  the  lengtlis  of  all  it-s  t!itv'« 
aides  may  be  known,  the  position  of  C  iij 
determined. 

Agi-eesibly  to  the  principle  already  nutedj 
in  the  last  article,  that  detennination  k 
more  accurate  the  less  the  uiigle  A  CB  dif 
from  a  right  au^^le.     Suppo&ing  a 
error  to  have  been  committed  in  me 
one  of  the  lines  BC  or  AC,  the  consequent  error  in  findiug 
position  of  C  is  equal  to  the  original  error  if  AC  B  w  a  right  at 
but  if  that  angle  is  either  acute  or  obtuse,  the  error  in  the  positioaj 
of  0  ia  greater  than  the  original  error  in  the  proportion  of  thai 
eo$6cant  of  the  angle  AC  B  to  radius. 

Triangles  in  which  the  angle  at  the  point  to  be  deten>*ipo.l  in  ]ml 
than  30°,  or  more  than  150°,  are  said  to  bo  "  iU-co)/  :U)di 

are  avoided  by  skilful  aurveyora  In  an  Ul-conditioneJ  .  niin- id,  dia 
error  in  the  position  of  C  ia  more  than  double  of  the  correspoudiag 
error  in  the  measurement  of  a  side  of  the  triangle. 

The  acoiracy  of  the  measurements  in  every  important  triangl*  I 
should  be  checked  by  moasming  a  "  tie-line,"  from  one  of  its  &iw«i| 
to  a  known  jyoint  in  the  opiwsite  side,  such  as  C  D  in  tig.  6.  Thai 
agreement  of  the  length  of  that  line  with  the  result  of  the  meaaor*' ' 
ments  of  the  sides  may  be  tested  on  the  plan  when  plotted.  It  may 
niso  be  tested  by  calculation ;  for  if  all  the  measurements  are  corrc>et»J 
the  following  equation  will  be  verified, 


Fig. «. 


ingle; 


CD2  = 


AC«BD  +  BC2AD 


AB 


-ADDB. 


.(1). 


27.  amp*  ia  suiUoB-i.iacfc — A  long  station-line,  otherwise  well 
adapted  for  its  purpose,  may  have  one  or  more  places  in  its  cauntit 
tlirongh  which,  owing  to  the  intei-veution  of  buililiugit,  woods, 
invcipioefl,  water,  swamp,  or  other  obstacles,  it  may  \>e  difficult  or 
impiissible  to  chain  along  the  line  with  aocui'acy;  and  in  some  c.i'"« 
also  it  may  be  impossible  to  range  the  lino  directly  acrosft 

itacle.     These  diilicultiea  are  most  reudily  met  bj  tUe  Q^' 
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lis  i  but  in  the  absence  of  such  instruments,  th* 
ij  he  used,  according  to  methods  which  may  bo 
\t  thti  circumstauoea  of  ench  particuloi*  cose. 

»of  cases  may  be   diBtinguislicd  : — Firet,  thijse  m 
dfl  ean  be  seen  ovur  from  side  to  side,  and  cLaioud 
BOt  ch&inod  acroiw.     Stcondly,  t\iom  in  which  it  can 
Men   over   nor  chAined   acrc»ss,   l>ut  can  be   chained 
Thirdly,  those  in  which  the  obstacle  can  be  seen  over, 
be  chuiaed  across  nor  chained  round. 
Hhe  ii^iires  thut  illustrate  this  article,  the  inaccessible 
pBl3oa-liue  is  marked  by  dot«,  an<l  the  direction 
Maeurement  pix»ceeds  is  indii'atod  by  an  arrow. 
iWhen  tfui  chitacU  can  he  g^e^i,  crver,  the  first  operation 
i  nagiug  pole  in  tho  station-lino  at  the  further  side  of 
I ;  And  the  problem  to  be  solved  is,  to  find  the  distance 
e  from  some  jioint  already  cliained  to  on  the  nearer 


] 

I 
1 


Fig.  7. 


BmoD  (By  a  parallel  line,  see  fig.  7).  — 
1  D  be  marks  at  the  nearer  and  further 
obstacle  respectively.  By  the  optical  square 
p^  range  A  B,  D  C,  at  right  angles  to  the 
(  make  these  perpendiculars  cqmil  to  each 
f  any  len^h  that  may  l)e  requisite  in  order  to 
the  obstacle  uloiiy  B  C,  which  will  be  pamllel 
)  A  D,  the  distance  required  ;  that  is  to  say, 

^  AD  =  BC (1.) 

^IpBOD  (By  a   trismgle,  see  fig.   8). — A  and 
B  being    jx>int«  in  the  station-line  at  the  nearer  and 
<rf  tho  obstacle,  set  out  a  triaugle  A  B  0  of  any  form.^ 
conveniently  enclose  the  obstacle, 
the  conditions,  that  B  and  C  are  to 
je  sti-aight  line  with  D,  aud  that  ^'^ 

and  0  are  neither  to  be  very 
l)tusc.  Measure  with  the  chain  the 
fC,  B  D,  D  C.  Then  the  inaccessible 
is  given  by  the  formula. 


Fig.  8. 


BC 

Btion  of  which  will  be  much  facilitated 
stable  of  squares. 

may  also  be  found  by  plotting  the  triangle  and] 
lite  l«se  on  a  sufficiently  large  scale,  aud  measv 
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The  figure  of  the  obstacle  may  bo  surveyed  by  offaets  from  ih( 
■ides  of  the  Irliiniilo. 

TttiiiD   Method  (By  two  triangles,  see    fig.   9).  —Let  6  i 

c  be  ]K>int8  in  the  station-line  at  the  neArei 
an.l  further  side  of  the  obstacle  respt-ctivel/ 
From  a  convenient  station  A,  chain  the  Unef 
A  6,  A  c,  baling  two  siJeg  of  the  triangle  A  6  c 
couneot  those  lines  by  a  line  B  C  in  aa] 
position  which  will  form  a  well-conditione< 
triangle  A  B  C,  of  as  large  a  sixe  as  i 
practicable:  menaui-o  its  three  sides.  Thei 
the    iujiccessible    diiitanoe    is   given    by   thi 


I'Ig.  9. 


formula. 


be 


=  y^{A6« 


+  Ac«- 


A6-Ao 
ABAC 


,.(ABS  +  AC2-BCS;l..  (3.) 


I 

I  The  following  modification  of  this  formula,  though  less  «imple  ia, 

T       ap|)earance,  is  ^tter  adapted  to  com])utatioD  by  the  help  of  a  tabl 
!         *if  Bquares; 

The  points  B  and  C  are  shown  in  the  first  instance  as  lyin 
botweeu  A  iind  the  station-line ;  hut  if  necessary,  they  may  h 
taken  in  the  prolongations  of  A  c  and  A  b  beyond  the  station-line, 
&t  B'  and  C,  or  in  their  prolongations  beyond  A,  as  at  B"  and  Cf 
and  the  same  formula  will  still  apply. 

The  formula  is  much  simjilidod  if  A  B  and  A  0  can  be  laid  off 
as  to  be  re«[>ectively  proportional  to  A  6  and  A  c ;  fi>r  then  thi 
p triangles  ABC  and  Abe l>ecomo  similar,  B  C  is  parallel  to  6 0, 
I  the  inaooesaible  distance  in  dimply 


I.  //am.  A   J        (A6  +  Ac)«-(A6-Ac)» 

6c»y  i^*'^^'''-(ABTA-CFfA-BrA-C)«-  J 

(AB«->-AC«-BC«).  I  (3i!f 


ic  =  BC 


,A» 
AB 


(4.) 


In  this  method,  as  well  as  in  the  preceding,  the  inaccc»^ble  ^ 
lUce  may  be  found  by  plotting. 

"        II. —  When  the  obataeU  can  be  chained  round,   but 
across  nor  seen  over. 
a  Metuod  {Bj  parallel  lines,  aoe  %  VOy  —  Ptom.  A 


station-line  on  the  nearer  side  of  the  ohetacle^ 
■t  as  the  diRtance  across  it  is  judged 
0*,  Tijr  the  optical  squai-e  or  other^vi8<',  the 
tdicalftTs  A  L\  B  D,  of  length  sufficiciiC  to  *'[ 
"it  line  0  D  E  F,  pai-alhl  to  the   Btntion- 
and  chained  past  the  ohstacle.     Com- 
ig  of  this  piir.iU«l  line  at   D,    in   con-  ^.^ 
Jkat  of  the  atatiou-Unci  at  B.     As  kik>d  aa  the 
Uffd,  lay  iifT  tlio  |KTi>endicular  E  G  equal  to 
!)j  then  G  will  be  a  point  in  the  station- 
obstacle,  and  the  inaooessible  distance 


I 


BO  =  DE 


(5.) 


ig  the  pamllel  line  and  repeating  the  same  c' 
tionol  points  in  the  Btaiiou-line,  such  as  H,     _^  ' 

JTBOD  (By  similar  triangles,  see  fig.  11). —  From  a 
r  back  as  practicable  from  the  end  B  o*"  the  chained 
m  the  nearer  side  of  the  obstacle, 
ivei^ng  lines  A  F,  A  E,  ]iast  the 
lie  obe^le,  in  which  mea-siire  the 
D,  A  C,  of  two  points  D  and  C, 
one  straight  line  with  B.  Con- 
aining  of  A  F  and  A  E,  and  make 
SB  respectively  proportional  to  A  D 
th»t  ADC  and  A  F  E  may  be 
{lea.  Measure  D  C,  in  which  note 
of  B.  Measure  E  F,  in  which 
nt  G,  dividing  E  F  in  the  same 
?h  B  divides  C  D  ;  tJien  G  will  be 
■  station-line  beyond  the  nKslacle ; 
^1  further  on  may  be  found,  if 
liniilar  process. 

ince  B  G  is  found  by  the  fonnula, 

^p     ABCE 


Fig.  IL 


tlie  obstnrle  can  be  surveyed  by  offsets  from 
be  quadrilateral  T  D  F  K 

anoD  (By  transviTsuls,  see  figs.  12,  13). — Let  a  and 
iliS  in  the  chainfd  st,ntion-line  at  the  near  side  of  the 

tas   far   ajiavt   as  the   inacceBsible   distance  h  c  is 
\fttrk  a  sfatioti  C  SO  ag  to  form  a  well-conditioned 
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tmagle  wiib  a  Uid  6/  prcilnng  tho  lines  b  C  and  a  C  until  tm 
pointa  A  and  B  on  rmclu'd  through  which  a  etraJght  line  can 
rurtp-*!  and  chained  post  tlifl  furtlicr  aide  of  tho  obstacle 

In  some  ca»«  it  may  In*  athn^aible  to  bogin  by  ohoosing  til 
Btiitions  A  and  R,  thou  to  ch<Ki8o  C,  and  then  to  rangd  th£  liai 
B  0  o,  and  A  C!»  («B  in  fig.  12),  or  A  6  C  (aa  in  fig.  13). 


Fig.  18.  Ftg.  IS. 

All   the  sidos  of  the  two  triangles  ABC,  ab  C,  are 
mr^surt'd. 

Then,  to  find  the  point  x  at  tJie  inUmeetion  of  the  ataUon-line  ' 
A  B,  cnmpiitn  tho  diHtiince  of  that  point  from  B  by  one  or  other  < 
lie  following  formula) : — 

If  c  lioi)  in  A  B  ptxjduood,  as  in  fig.  IS. 

A  B  •  a  B  •  6  0  ,- . 


Bo=r 


OoA6-aB-6Cr 


If  c  lies  but  ween  A  and  B,  as  in  fig.  13, 
ABaBiC 


Be  = 


CaAb  +  aBbCf 


(7  A.) 


Kcxt,  to  find  the  inaccfsnhle  dUtanee  b  c,  use  the  following  formoli 
(wliich  is  applicable  to  lx)th  figures) : — 

o6'A6'BC 


be  = 


CA-aB-AftBO" 


(8.) 


The  same  problems  may  also  lie  solved  by  plotting  the  figuti 

«  li  c  A  B  C  a,  and  producing  a  h  till  it  cuta  A  B,  as  in  fig.  13,  0| 

'.  B  produced,  as  in  fig.  12.      In  a  purely  mathematical  ])«:iint  tA 

'WJ  it  ia  unneccBBury  to  meosuxe  iMtiki  A.  ^  tt.tL<i  ab,  tA  evCft&x 


vex  m 

J 
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lines  mi^t  be  calculatMl  from  the  other ;  but  both  should 
MPiirUielga*  W  chained,  as  a  check  on  posinl  le  etrora,* 

C*n  III.  —  Whai   tlif  obstncli  can  be  seen  over,   but   neither 
umti  aerom  tior  chaimd  round.     T]iis  is  the  case  of  a  statio 
Ime  iDtermpted  by  a  deep  ravine,  or  a  deep  and 
fSfi/i  rirer.    The  first  opemtion,  a&  in  Cose  I,  is  to     I 
vnge  and  fix  a  pole  at  c  (fig.  1 4)  in  the  atatioo-     I 
iaa  bvyood  the   obutacle.     The   next  is  to  find 
ifce  distaooe  5  c. 

fOMt  MsmoD  (By  transrersals). — On  the  nearer 
■deof  tb«  ointacle,  range  the  stations  A  and  B  in 
,  ft  iftnight  line  with  e,  making  the  angle  b  c  B 
ladder  than  30",  and  place  them  so  tliat  the  inter- 
'  M^ng  lines  A  6,  B  «,  connecting  them  with  two 

pyr '  ft  in  the  statinn-lioev  shall  form  a  pair 

0)  louttd  triangles  abC,  A  B  C,  as  in  the 

■"  the  sides  of  these  triangles, 

-iible  dib-tance  6  c  by  equation  8,alreadygiv( 
'  position  th\i8  foxmd  for  the  point  c,  eoi 
■le  di^rtance  B  c  by  means  of  equation  7. 
I'Ijls  pivbl'Oi  J.S  siilved  graphically  by  plotting  the  figui-e  ai 
f  A  fi  '^ ".  and  producing  a  b  (lud  A  B  till  they  int<;rsect  in  c.+ 

HTHOD  (By  the  optical  square,  when  the  inaccessible 

rint  much  exceed  three  or  four  cliains, 

'  btiiig  the  inaccessible  distauc*;,  at 

1  Nijuare,  set  out  B  C  pei-pendicular 

I  of  a  length  such  aa  to  make 

md  triungla     At  C,  with  tho 

f.  K-,  range  C  A  ]H.Mf>endicular  to  C  D,  ^* 

cu: — *,  :.-u  station-line  in  A.     Measure  A  B,  B  C ; 


BD  = 


BC3 
AB 


(9.) 


*  Tb(  foUoFiriDg  are  tb«  foirmalie  for  calcuUtiag  A  B  froin  ab; — 


hHc  IS;  AB. 


lIVlBl    AQ 


BO*+CA». 


n  c  •  c  A 


6C-Ca 


-<6C»  +  C.i« 


BC»  +  CA«  + 


BCCA 


.  (frO'+Ca* 


6CCa 
I  tram  A  B,  iniercbange  the  pontiona  of  A  and  a,  B  and  6,  Ibrongfa' 

liAt  and  the  i        "        roblcm  are  founded  on  the  first  theorBm 
i  (^oot  emay  On  .  Trnnsvtriah ;  n  branch  of  Geometry 

awe  mmuir  m  iT>  i.nn«j«l«  au.l  u-  ■  ■  -■  ..  =  ..pplicalions,  but  little  known  or  studied. 
!k  ealoiUllon  itpionitwl  bv  tbc  fontmln  7,  when  each  of  the  .;»ven  dialanccx  U 
t^  /bar  4fitra^  tuu  Amd  found  to  occupy  tbvut  6ve  minuter 


J 
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Mt'thrwlfi  for  inoasiirint;  {jiijw  in  fltati<»n-liiit\s  by  the  aid  ofaugi 
inslruintuts  will  bo  oxiilaioed  in  C'La[<ter  III. 

2S.  ririd-iiook. — Tlio  writing  ami  skeU-hiug  iu  fioM-bookl 
made  either  with  ink  or  with  an  indelible  ponoil.  If  the  book 
be  protoeted  from  niiu,  ink  is  to  bo  preferred. 

ITie  field-book  of  a  8ur\'ey  should  commence  with  a,  «k4 
ahowing  tho  gcuoitil  anungement  of  the  stiitions  and  statj 
linea  relHtivcly  to  the  more  conspicuous  objects  on  the  ground 
be  surveyed,  made  by  the  surveyor  whi'U  he  oxplorva  the  oouni 
aa  muntioued  utulor  hwid  (a)  of  Article  12,  )>ago  12.  Those  stati 
muy  bo  distinguiMhod  by  letttn-a  or  by  numbers.  Pinncijtal  .staU 
are  usually  marked  thus  ,\  Tin*  reuiiiinder  of  the  book  will  Q 
tain  tho  detailed  tiotea  of  the  diHtaiices  chained  along  the  aev^ 
statioD-lincH,  and  tho  off-n'tu  mi^sun'd  from  them. 

In  oi-dcr  that  tiDrwrn-tl  nn<l  backward,  right  and  left,  on  i 
>jpK)nnil.  may  be  represented  by  forward  and  backward,  right  i 
wft,  in  the  book,  the  succeasive  notes  written  on  each  page  ht 
at  tho  bottom  and  procoetl  towards  the  top;  and  the  |^ag«Hj 
numbered  fi*om  right  to  left.  In  tlie  middlo  of  each  l>«ge  ] 
vertical  cohnnu  broad  enough  to  contain  nunilwru  of  five  orj 
Ggurea     That  column  represents  the  atation-liue,  i 

The  Kiirveyor  Iwgins  at  the  Ixjttom  of  the  firat  page,  by  writim 
the  centnil  column  a  letter,  or  other  mark,  to  denote  the  station 
which  the  line  alxtut  to  be  chained  commences,  and  beside  i) 
note  stating  between  what  stations  the  line  runs  :  for  exnml 
"from  A  to  B,"  As  the  chaining  advancen,  he  notes  in  the  ccnl 
column,  pi-ocoeding  upwards,  the  distances  at  which  the  station-) 
crosses  bonndarje.'j,  and  travei-ses  Intermfdir'to  stations,  and; 
wJiich  offset*  are  taken.  Each  distance  of  nn  mtennediate  Stat 
from  the  commencement  is  distinguished  by  enclosing  it  in 
oblong  or  oval,  and  wi-iting  opjxwite  to  it  the  designation  of  I 
station,  together  with  a  reference  to  the  other  fxigea  of  the  64 
book  in  which  the  sume  station  is  referred  to,  and  a  note  of 
position  uiMin  other  station-lines  which  traverse  it.  To  the  rii 
and  left  of  the  central  column  are  written  the  offsets  measaredj 
the  right  and  left  respt-etively,  each  opjMiBite  the  figurca  deno(| 
ita  distance  from  the  commencement  of  the  line  ;  and  those  o(fi 

I  are  accompanied  by  a  sketch-jilan  of  the  obji^ts  to  which  they  I 
measured,  with  exjvlauHtflry  notes  when  required. 
On  arriving  at  the  end  of  a  station-line,  tho  relative  direr.ti 
of  tho  next  lino  chained  may  either  be  stated  in  woi-ds — as,  "tl 
to  the  right,"  "  turn  to  the  left " — or  indicated  by  symbols  like  i 
following  :  \»  ^,  At  the  commencement  of  each  new  statu 
Une  will  Vk?  stat/'d  the  [loaitioa  of  the  point  from  which  it  Bt9 
poa  a  former  station-line. 
L 
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OliUi|U&  oflkete,  KmaJl  triangleiii,  measurements  of  buildings,  and 
are  beet  recorded  by  sketching  u  dingram  of  the  lines 
Bijd  writiiijL;  tlu'ir  lengths  aloug  them. 

'  ion  sLowa  the  geueral  principles  acrord- 

ch.-iin^'d  sun  t'vs  are  kept.     The  det^iils 

ich  in  the  jintctioe  of  iudiviilnal  siirveyura.     It  is  to  be 

•  i  that  eveiy  surveyor  should  keep  his  field-book  so 

y  that  it  uuiy  be  possible  for  &  draughtamau  to  plot  the 

iiMu  the  field-book  witliout  receiving  any  explanation  fi-om 

latiimm  »  cuminvd  Surver. — In  plotting  a  survey,  great  atteu- 

uld  be  paid  to  the  absolute  flatness  of  the  diiiwing-botird  or 

•a  which  the  j«|>er  is  to  be  strained  or  laid,  and  to  the  perfect 

^htness  of  the  Btraight-edge  by  which  station-linea  are  to  be 

tbe  plan  is  to  be  mounted  on  cloth,  the  paper  should  be 

]t<  •  '    "'       the  plan  is  plotted;  otht-rwise  tho  mounting  will 

liter  it^  us.     On  the  whole,  it  is  better  iwt  to  "  btraiu  "  the 

otj  V  lucb  a  survey  is  plotted  on  a  drawing-board,  iu  tbe  way 

vd  for  archit<>ctiiral  and  mechanical  drawings  ;  because,  when 

pftpfT  i*  CTit  liway  from  the  btiard,  and  so  relieved  fiYjm  the 

un.  it  will  couti:act,  and  perhaps  contiuct  unequally  in  dillcrent 

L'liotta, 

Kuch   day's  work  should  be  plotted  as  soon  as  possible  after 
twvlDg  been  sorveyed. 

^Tho  BC«le  according  to  Vbich  the  surrey  is  plotted  should  at 
be  diBwti  on  the  plan,  when  it  will  contract  and  expand  along 
tbe  }iap«r. 

Th««  plotting  i»  commenced  by  marking  with  a  needle  or  pricker 

luMiit.  to   n:jire8eut   the  first  station;   diuwiug  a  straight   line 

I  that  |iuint  t^  represent  tho  first  station-line,  and  laying 

i.u  that  line,  with  a  j>air  of  beam-compasses,  the  positions  of 

till-  other  stations  which  it  ttuverses. 

II  .  ..,  — itions  which  foUow  consist  chiefly  in  plotting  triangles, 
a:  -  distances  and  ofliseta. 

..■>.  f  (..1111.45  TriMiiHl**. — The  great  triangles,  whose  sides  cotinecfc 
iliei>rin.  i|    1    I    (ions,  are  to  be  first  plotte<l:  then  the  secondaiy  tri- 
gle(»,uutii  the  whfile  network  is  completed.    The  Jt 

eration  of  plotting  n  Iriangle  whose  three  sddea  /  «^ 

bcvn   meuwured   is  as   fullowa: — A  and  B,  >       *^ 

S,  represent  two  stations  already  plotted  ;  /  • 

»nc«8  A  C,  B  C,  of  a  tliird  station  from  ~~^^^ — TT 
Citations  are  known.     With  these  dLstaucea  *     ' 

ilewriVie  with  the  beam-compasses  a  pair  of  small  circuhi 
Mbout  A  and  B  resjjuctively;  the  intersection  of  those  anaL 
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murks  tlio  rpquiretl  station  C  on  the  plan.  Then  with  the  t»traigli| 
edge  rule  the  liut-s  A  C,  B  C,  and  the  triangle  is  comjiiote. 

Tt  is  usual,  for  the  gatisfactiuu  of  the  ougiiiecu*,  and  for  futiin 
reference,  to  draw  permanently  on  the  plan,  iu  a  faint  red  colom; 
the  principal  station-lines,  forming  the  primary  network  of  trinugiei 
Those  linos  are  sometimes  called  '*  lines  of  constractiou."  In  sooM 
cases  it  is  usefvil  to  dniw  permanently  in  the  same  way  a  portion 
of  the  secondary  network  of  triangles :  so  far,  at  least  as  they  cm 
be  used  in  computing  areas. 

When  the  plan  of  a  aui'vey  extends  over  several  sheets,  it  ii 
neceasary,  in  order  to  show  the  connection  Ix'tweeu  two  iKijacenk 
sheets,  that  a  iMjrtion  of  at  least  one  stntion-lino,  contaiiiiiig  ai 
lea.st  one  principal  station,  should  be  plotted  on  each  of  tho  two 
sheets. 

'61.    In  Pleitlag  DUmacrBt  OOTmu,  aad  DetalU,  a  flat  ivory  OF  boil 

wood  scale  is  laid  on  the  y)ai»er  exactly  parallel  to  tho  stuticm-lint^ 
and  loaded  to  keep  it  at  rest:  tho  divisions  marked  on  its  cdiji 
represent  di 'stances.  A  shorter  flat  scale,  having  Iwmd  ends  exacllj 
jierpoudicolar  to  its  edges,  is  laid  on  the  paper  with  one  end  ag»Lo* 

rtbo  edge  of  the  scale  for  distances:  it  is  slid  successively  to  tlu 

[•everal  distances  from  the  station  notetl  in  the  tield-l>ook,  and  tL( 
sts  are  laid  down  by  pricking  with  a  needle  opjtosito  the  projwi 
luatioQs  on  one  of  it«  edges.     Care  should  be  takcu  that  tbi 
ttftsfit-scale  is  exactly  rectangular. 

OV)lique  offsets  are  plotted  like  the  sides  of  triangles. 

In  estate  [>lAnB,  on  a  large  scale,  dill'ei'ent  Icinds  of  fences,  sad 

i«s  stone- walls,  hedges,  palings,  ita,  are  distinguished  from  oaol 
other  by  conventional  in'>des  of  marking;  but  in  plans  for  engineer 
ing  project*,  it  is  sufficient  to  distinguish  lietweon  fenced  and  un 
fenced  lines  of  division  of  land,  marking  the  former  by  plain  ant 

Lthe  latter  by  dotted  lines.     In  working  ]>lan8  on  a  large  soole,  wall 
ay  be  shown  of  their  proper  thickness,  and  coloured  red.     Bono 
dariea  of  parishes,  counties,  boroughs,  and  other  legal  divisions  o 
the  country,  are  marked  with  pecidiarly  shajKsd  and  arranged  dot* 
Bimds  are  coloured  drab ;  streams  and  piect.'s  of  water  light  bln^ 
with  a  darker  8ha<le  along  their  edges.     Dwelling-houses  are  c«>l< 
cured  light  red,  out-buildings  dark  grey,  public  buUdings  ' 
In   engraved    jtlaus  liiiildiugs  are   sliaded  by  <liagonal 
Bailways  are  marked   by  parnUel  lines  ro[)re8cnting  raih  ;  and  la 
Some  cases  these  are  crossed  by  short  line  lines  to  indicate  sh  rj-wi^^ 
Canals  are  diatinguisheil  from  stivams  by  their  greater  uuiformi' 
of  width  and  ri5gula^'ity  of  coui'se.     Trees  are  indicated  by  ski 
inc  small  figures  somewhat  i-esembling  them. 

rheivi  arc  conventional  modes  of  indicating  the  nature  of 

sur&ce  of  the  ground,  -yrhether  garden  gtouuvX,  a.v.vNAtoWi^^'y^w.V 
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I,  hcJith.  and  the  like  ;  hut  in  iilan;^  for  cnginoering  projects  it 
idcut  to  refer  by  ruuuli^rs  written  on  tlie  [ilim  to  cr.irrgjxmd- 
Dumliers  in  the  lif>ok  of  reference,  in  which  are  stated  the 
nr  reputed  owner,  lessee  or  rpput/»Mi  k-Hstee,  occnpier,  and 
3tion  of  eiich  jxjrtion  of  property  shown  on  the  pliuu 
mmmiriag  At*a*. — The  elcinciiLiuy  methods  of  measuring 
rhicJi  are  useful  in  surveying  are  of  three  kinds:- — the 
»1  .if  tnaugles, — the  method  of  ordinatcs,— and  the  method 

-;...,....„.  ■//"  Triangles, — Let  a,  b,  c,  denote  the  lengtlis  of  th»« 
of  a  triiuigle^  and 

a  +  b  +  e 
*=— 2-' 
f-nan  of  those  lengths ;  the  area  of  the  triangle  u  given  by  the 
ioJa — 


.(I.) 


Area=  Ja  {e-a)  {s-b)  {a-c); 

logarithms — 

log.arBa<=2  ] Ipg- »  +  log.  (« - o)  +  log.  (s - b)  +  log.  (a -c)i  (2.) 

ier  formula  is  as  follows :  let  a  be  any  one  of  the  sides  of  n 
;  p  the  perpendioilar  upon  that  Bi<le  from  the  opposite 
theD — 


Area=^? 


.(3.) 


iiraK' 


right-lined  figure  can  have  its  area  calculated  by  dividing 
triangles,  computing  their  arejis  by  one  or  other  of  the  pre- 
formulae,  and  adding  them  together. 

ureas  of  figures  with  curved  outlines  can  be  fouud  approxi- 

uy  this  method,  preceded  by  the  process  called 

igj"  which  cousista  in  <lrawing  through  the 

>Qndaries  a  8tit  of  straight  lines  bo  s\b  to  cn- 

carly  nn  the  eye  can  judge,  the  same  area. 

if<thod  of  Ordinatea  is  applicable  to  a  long 

of  irrwind  of  varying  breadth,  such  as  the  stripe 

I   '  ircd   for  a   railway,   or  the  area  repre- 

!  7.    An  nxia  is  dniwn  along  the  greatest 

c-1   Lhe   figure;    breudtliH  arc  muu'^iu'ed  along 

^io^  »t  riplit  «Ti«leK  in  thnt  axis,  siinioiently  close 

s  between  them  njipmxi- 

'••t  d  l)"  the  disiance  .ilong 

■lid  i,  h\  the 

:  i.e  areacon- 

V.U  that  |Miir  ul  urdiiirtU'w  la — 
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6  +  6' 


and  the  area  of  the  whole  figure,  being  the  sum  of  the  areas  of  titf 
parts  into  which  it  is  divided  by  ordinates,  is  expressed  as  follows: — 

(*•) 


Area  =  2.(*±^.rf);. 


2  being  a  symbol  of  summation. 

If  the  ordinates  are  at  equal  distances  apart,  all  the  values  oidsn 
equal,  and  the  preceding  formulae  becomes 


Area: 


=  (^'  +  61  +  62 


+  6j  +  <fec.. 


"{)■'■■■ 


.(5.) 


b,  and  6.  being  the  breadths  at  the  two  ends  of  the  fig^ure,  and  ij, 
tj,  (fee,  the  intermediate  breadths. 

A  modification  of  the  last  formula,  founded  on  the  assnmpticD 
that  the  lateral  boundaries  of  the  figure  consist  of  short  parabolio 
arcs,  is  as  follows,  the  number  of  divisions  being  even : — 

Area=   J6.  +  6,  +  2(62  +  64  +  &c....)  +  4(6i  +  68  +  &c....)l  .g...(6.) 

The  most  accurate  way  to  find  the  areas  of  all  the  pieces  of  land 
included  in  a  survey,  is  to  use  the  dimensions  as  given  in  the  field- 
book  alone,  calculating  the  areas  of  the  triangles  by  formiila  1  or  2, 
and  the  areas  of  tlie  stripes  of  land  lying  between  the  station-lines 
and  the  fences  surveyed  from  them  by  formula  4,  in  which  6  and  6' 
are  to  be  taken  to  represent  a  pair  of  adjacent  ofisets,  and  d  the 
distance  between  them. 

This  process,  however,  is  very  laborious,  and  may  in  many  case* 
be  dispensed  with,  by  equalizing  boundaries  and  taking  measure- 
ments on  the  plan. 

III.  Method  by  Meclutnism. — Instruments  for  measuring  areas 
on  plans  by  mechanism  are  called  "  Pkni- 
meters"  and  "Platometers;"  and  several 
have  been  contrived  by  different  in- 
ventors; amongst  others,  General  Morin 
and  Mr.  Sang. 

The  simplest  Planimeter  is  Amstler's, 
of  which  a  sketch,  showing  its  general 
principle,  is  given  in  fig.  18.  A  is  a 
loaded  disc  which  rests  on  the  table, 
and  serves  as  a  fixed  support  for  the 
instrument.  In  its  centre,  at  B,  is  an 
upright  pin,  upon  which  turns  the  ana 
I C^  to  which  at  C  is  hinged  the  arm  C  D;  so  that  the  tndng 


\a 


Fig.  18. 


J 


piAWnnmeB. 


35 


nt  at  D  can  be  moved  in  all  directions  over  the  paper.  Exactly 
Uie  straight  line  C  D  is  the  axis  E  of  the  small  -wheel  F,  whose 
{e  rests  on  the  paper. 

When  the  tracing  point,  D,  is  carried  round  the  outline  of  any 
are,  snch  as  O  H  I,  so  as  to  return  finally  to  the  point  from  which 
started,  it  can  be  proved,  that 

Distance  roUed  by  the  edge  of  the  lohed  F  =  ^*^  g^^"^"^; 

d  oonseqaently  that 

Area  of  Figure  =  C  D  x  Distance  rolled  by  the  wheel  F. 

D  is  a  measured  constant  length.  The  distance  rolled  by  the 
heel  is  measured  by  a  graduated  circle  and  vernier  at  one  side  of 
Awheel;  the  number  of  complete  revolutions  being  recorded  by 
wther  wheel,  driven  by  an  endless  screw  on  the  shaft  E.  This 
heel  and  screw  are  omitted  in  the  sketch.  In  Britain,  the  gradua- 
oos  on  the  circle  usually  represent  square  inches  of  area  on  the 
iper. 
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33.    Suaiinarr  of  Triconomeirlcal  FormnhB  nacd  la  Sarr< 
I.   Rdatioiia  f>etween  Angles  ami  Arcs. — The  angh  or  differenoti 
diroction,  B  A  C,  between  two  straight  lines,  A  B,  A  0,  which  i 
at  the  poiot  A,  is  expressed  as  a  quantity,  n&  is  well  known, 
stating  how  many  of  certain  aliquot 
of  a  right  angle  it  contains;  thoao  |x 
being,  the  degree,  or  ninetieth  j»art 
right  angle,  the  Tiunute,  or  8ixti«ih  p 
a  degree,  the  second,  or  sixtieth  part 
minute,   and   the  decimal  fractions 
second.     This  mode  of  exprosainp  aiij 
is  the  moat  convenient  for  trii.'> 
_.     . .  calculation.     Another  way  of  r 

^"     ■  the  same   method  is  to  conct;i\c 

circle  D  E  F  IB  described  about  A  in  the  piano  of  A  B  and  A  0 ' 
any  i-adius;  that  the  circumference  of  that  circle  ia  divndrd 
360  equal  arcs  called  degrees,  each  degree  into  60  minutes, 
minute  into  GO  seconds,  and  so  on :  and  that  the  number  of 
divisions  of  the  cifcle  ouutained  in  the  aj^o  D  E  which  subtendu  i 
angle  B  A  C  is  ascertained. 

A  second  method  of  expressing  the  angle  B  A  C  is  to  take  I 
ratio  wliich    the   circular   arc   D    E  subtending  it  bears   to 
radius  AD.     In  tliis  case  the  angle  is  said  to  be  exprescd 
terms  of  arc  to  radius  unity,  or  in  arcular  measure.     This  metha 
though  loss  simple  than  the  former,  and  Ich  commonly  emploj 
is  useful  in  certain  coses. 

The  two  methods  of  expressang  the  same  angle  are  compared  ■ 
each  other  by  the  aid  of  oiu-  knowledge  of  the  ratio  which 
circimaference  of  a  circle  bears  to  its  diameter :  which  i-atio,  althc 
it  cannot  be  expressed  with  absolute  exactness  by  any  number 
arithmetical  figures,  can  be  calculated  to  any  required  <k^gr6e 
accuracy  by  sucoessire  approximations.     It  has  been  computed  I 
about  '2i)Q  places  of  decimals;  but  seven  places  of  decirntUs 
sutHuient  for  ordinary  purposes.     The  following  table  gives  tli^ 
ratio  to  ci^'hfc  places  of  tl<>cimiils,  with  its  common  logarithm, 
n'ejvl  ratios  and  logaiithma  deduced  tcom.  \\i'. — 


AVQLL^   XSlj   AJlCi — TRIGOSOIUETBIOAL  FUNCTIONS,  3f  ^ 

Baiioa.  Lognrilbiiu. 

Bnoeof  acircletodiamoter  1  j"^ 

of  a  semicircle  to  racUns  1  ;>  3-14159365  0*4971499 

Area  of  a  circle  to  radias  l  =  «r;) 

Uilruit,  or  arc  snbteudioe  a  riglit  |    «•  ^  - 

«»glr,tomdiuslj    ...;   2  = '57079632  o'i96ii99 

LTc  sabteoding  one  degree  to  ra-)         »"  on 

dbsl; ^. .„ }     =IQQ  =  0-01U53^9    8-2418774 

^  <fabtfiaJiDe  one  minute  to  ra-)  con     <r    ^       ^  ^1 

^^igj.        *  I  00002908882  6-4637261^ 

Aic  »ubt«udin(r  one  second  to  ra-}  00  m 

^ja\; f        0-0000048481374-6855749 

ARcqua]tOFadia8,expre6iied in  degrees,         57°'29S7795  i'758i226        I 

—  —    in  minat^,     3437'747  35362739 

—  —    in  seconds,  2o6264"'8  5*3144254 

—  —    in  degrees,  1       .      -      ..q 
minutes,  and  seconds,)  *"      '   *** 


I 


—  —      in  decimal)    ^  _     ^^  o 

fiuctions  of  the  circumference,  f  2;;=o'59i55i  9-2018201 

of  a  hemisphere  to  radius  I;  ...     2x=:6-283i853  0'798i799 

1  indices  of  the  logarithms  of  fractions  in  the  alxive  table  are 
[iffixcd  according  to  the  system  which  is  employed  in  trigonometrical 
laktilAUons  in  order  to  avoid  negative  indices;  that  is  to  say,  the 
[iiuirx  in  voch  case  is  the  complement  of  the  proper  negative  index 
'^■■-  logarithm  is  that  of  the  product  of  the  nuotion  into 

^iu••     <«  iii«:^.>imal"  division  of  the  quaxlrant  into  100  degrees  or 
*n»dc»i,*'    10.000  minutes,  and  1,000,000  seconds  is  now  nearly 
in  Fiance.  ^m 

-■  ariumgst  Trvjonomttricfd  FurvctioTW  of  One  Angle.— -^^ 
'.    of  dedning  the  trigonometrical  functions  of  a  " 

E;  -  the  siuf,  cosine,  itc.,  is  to  stale  that  they  are  the 
b^L  utiicr  uf  the  sides  of  a  right-augled  triangle  containing 
uaglo.     Another  mode,  and  the  more  common,  is  to  state 
ire  iTprt'wnted  by  lines  drawn  in  particular  positions  with 
n  circular  arc  of  the  radius  unity,  subtending  the  given 
>0,  and  also  in  fig.  21,  A  B,  A  0,  ai-o  a  pair  of  straight 
A  ith  each  other  an  aaiUe  angle,  BAG. 
I-  auy  point  whatsoever  in  one  of  those  linos,  and 
t  let  fall  from  that  point  upon  the  other  line,  bo 
^  . .  -iiigled  triiiugle,  ABC 


A 


nanciBuvo  geodest. 


In  fig.  31,  a  eirole  of  tlie  mdius  unity  is  described 
catting  off  firom  each  of  the  ^iro  lines  a  part  equal  to  the 
▼it: — 

AD  =  AC=1. 
A  F  i»  a  third  radius,  perpendicular  to  A  D. 

C  13  and  C  H  are  porpendiculaiB  let  iall  (rom  C  upon  A  D* 


k\. 


Fig.  80.  Fig.  21. 

jtwneotivply ;  D  E  nnd  F  O  are  stxmight  lines  toiiditng^ 
rat  D  aud  F  (perpendicular,  therefore,  to  A  D  and  A  F), 

cutting  A  C  produced  in  E  and  G  res?pectively.  i 

Tlien  tbfi  definitions  of  the  several  trigonometrical  function 

the  angle  B  A  C,  aocording  to  the  two  methods,  are  as  follows) 

In  Fif;.  20.                                 In  ^.  2t 
Sine 1^  IiC  =  J 

Cofliue,  -r-T^  AB  =  < 

A  vJ  , 


AO-AB 

AC 

AC-BO 

AC 

BO 

AB 

AB 

BO 

AO 

AB 

AO 

BC 

,BD 


.HF 


.DB 


.FG 


.AE 


.AO 


In  6g.  30,  the  angles  BAG  and  B  C  A  are  compl«m«itlai\ 

Mtoli  other,  being  together  equal  to  a  right  angle  ;  bo  also  nrel 
iglc8  B  A  0  and  C  A  F  in  fig.  21 ;  and  when  this  relation  oai 
Ptvi'on  a  jtmr  of  angles,  tlie  nine  of  each  la  the  coeine  of  the  ot^ 
d  aoofall  the  other  fuuctioiia  Viy  paVxa. 
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ling  the  angle  B  A  C  for  brevity's  sake  by  A,  the  following 
give  the  most  importaut    relations  amongst   its  tiicro- 
1  fuDCtioDs: — 

amA=  ^/  1  —  cos* A  = r= r '> (!•) 

sec.  A       oosec  A  ' 

COS  A=  •/  1  — Bin*  A  =: —  = -: ...  .  (2.) 

coaec  A        sec  A 

versinA  =  l  —  cos  A; (3.) 

coTetain  A:=  1  —  sin  A  ; (4.) 

to  A  ^ = =  sin  A  •  sec  A  =  J  sec-  A  —  1  ;  (5.) 

cos  A      colon  A  ' 


.—  •  =  cos  A  •  oosec  A  =  s/ cosec*  A  —  1j(0.) 

Bin  A     tan  A  ^   ' 

■00  A  =  — L   =  J  1  +  tau2  A  :  (7.) 

ooa  A  ^    ' 

cowcA—  -r—  =  '/\  +  cotanS  A. (B.) 

sin  A  ^    ' 

Dub  trigonoiuetrica.1  functions  of  ati  obtuse  angle  are  detined  aa 
laQoini: — 

In  fig.  20,  and  a1«o  in  fig.  21,  let  A  c  be  a  straight  line  making 
Tith  the  line  B  A  produced  heyotul  A  an  atigle  A  A  c  =^  B  A  C. 
Then  the  obtJiie  angle  B  A  d  ia  tho  mipplemetii  of  the  acute  augla 
Bag,  wad  ia  denot«^  by 

»l,s()'-  — A. 
iti 
Tl 


Fmm  c  in  lr.»t.h  li;,aire«  let  till  c  h  jiorpeudjcidar  to  A  6.     In  fig. 

dmw  c  H  per|H-tidic«l:ir  to  A  F,  and  the  tangent*  d  e,  F  g^ 

ng  A  c  produced  in  e  and  (f. 

TLfji  in  tig.  20,  the  right-angled  triangle  A  &  c  is  similar  to 

Be  ;  nud  in  fig.  21,  the  e<>niV/mation  of  linea  on  the  right  of  A  F 

tiTniliip  and  equal  to  the  o<:inibiuatiou  of  linea  on  the  left  j  fiijia 

-.  ajijHsvi's,  that  all  the  trigonometrical  functions  of  the  obtuse 

j.Mto  —  A  (with  one  exception  to  be  presently  pointed  out), 

1  in  numerical  value  to  the  coiTespouding  functions  of  it8 

ntiuy  OATute  angle  A.      The  one  exception  is  the  veirsed 

iridch  in  fig.  21  is  represented  byD6  =  AD-hAt  =  2AD 


* 
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In  order  the  better  to  distinguish  between  trigonometrical 
functions  of  acute  and  obtuse  angles,  the  principle  is  adopted, 
that  inasmuch  as  A  B  and  A  2)  (in  both  figures)  lie  in  opposiu 
directions  from  A,  they  shall  be  regarded  as  having  opposite 
signs  : — that  is,  A  B  being  positive,  A  6  is  negative ;  which 
amounts  to  laying  down  the  rule,  that  cosines  of  obtuse  angles  an 
negative.  The  following  are  the  relations  between  the  tiigo> 
nometrical  functions  of  an  obtuse  angle  180°  —  A^  and  its  sup- 
plementary acute  angle  A,  which  arise  &om  that  rule  : — 

sin(180»  — A)  =  8in  A; 

cos  (180<»  —  A)  =  —  cos  Aj 

versin  (ISO"  —  A)  =  1  +  cos  A  =  2  —  vetsin  A ; 

coversin  (ISO"  —  A)  =  coversin  A ; 

tan  (180»  —  A)  =  —  tan  A; 

cotan  (180"»  —  A)  =  —  cotan  A; 

sec  (180o  —  A)  =  —  sec  A; 

cosec  (180"  —  A)  =  cosec  A. 

From  these  equations  it  is  to  be  understood,  that  in  applying  to 
obtuse  angles  trigonometrical  formulae  which  were  originally 
intended  for  acute  angles,  the  algebraical  signs  of  all  sines  and 
cosecants  of  such  angles  are  to  be  kept  unchanged,  and  those  of 
cosines,  tangents,  cotangents,  and  secants  reversed. 

In  analytical  geometry  a  further  distinction  is  drawn  betwe«t 
the  sines  of  angles,  whether  acute  or  obtuse,  lying  to  the  right  and 
left  of  a  fixed  direction,  which  are  regaixled  as  positive  and  negative 
respectively.  In  geodesy  it  is  unnecessary  to  introduce  that  di»- 
tinction,  except  in  one  case,  to  be  explained  afterwards. 

III. — Trigonometrical  Functions  of  Two  Angles. 


8inA=2sin^.cos^=  a^,      A=a/^-^2^ 

2  2      cotan— -+ tan  ~.      y/^  2 


(10.) 


cos  A  =  co82.^  —  8in2  A  =  1  —  2sin2  ^  =  2  cos2  -^  — 1  = 

i  i  2  3 

cotan  -g-  —  tan  -g- 


2       ^  /\  +  cos  2  A 
cotan  4  +  tan  ^ 


l=V' 


►(11.) 


J 


I 


TaiGOSOJCKTBlC.VL   PUXCTIONS   OP   TWO   ANGLES. 

2 

-  tftn  

2 


i\ 


tAn  A  = 


ootaa 


^-t^t^Vi 


1  —  COB  2  A 


2 

sin  3  A 


+  C08  2  A 
1  — oos3  A 


^^^H  1  +  cos  2  A  ~      sin  2  A    ' 

i  A  and  B  be  any  two  anglea 

sin  (A  +  B)  =  sin  A  coa  B  +  cos  A 


(11) 


sin  (A  —  B)  =  sin  A  cos  B  —  cos  A 
I  (A  +  B)  =  C08  A  cos  B  —  sin  A 
"^eoB  (A  —  B)  s=  cos  A  C08  B  +  sin  A 


ten  (A  +  B) 


_    tan  A  +  tan  B   . 
~  1  —  tan  A  tan  B ' 


tan(A  — B)  = 


tan  A  —  tan 


1  +  tan  A  tan 


■in  A  +  ^  B  =  2  siu 


A+B 


cos 


■m 


A  —  gin  B  =  2  sin 


ooe  A  +  cos  B  =  2  cos 


A  — B 


A  +  B 


B  — C06  A=:2 


A  — B 


sin 


tan  A 


+  tanB  =  "-(^  +  ^2 


tan  A  —  tan  B  = 


coa  A .  cos 


fiin  (A  — 
coa  A  cos 


ootan  A  +  cotan  B  =: 


Bin  (A  -\- 


siu  A'  sin 


eotanB —  cotan  A= 


sin  (A  — 


aiuA  Bin  B 


(13.) 
(14) 
(15.) 
(16.) 

(17.) 
(18.) 
(19.) 
(20.) 

(21.) 
(22.) 

(23.) 

(24.) 

(25.) 

,(26.) 
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«in*A  —  sin*  B  =  cos' B — cos*  A  s=  sin  (A  —  B)  •  1  ,„_. 
am(A+B); i  }  (27.) 

cob"  a  — aiu'  B  =  cos'  B  —  sin*  A  =  cos  (A  —  B)  )  ,^0 . 
cos(A  +  B); :|(28.) 

tan'  A-  tau^  B=.  5^5^^^"  B) sia (A  -h^  

cos'  A  •  COS*  B  ' 

cotan«B-coWA  ^^n  (A- Dynin  (A  ■^). 

Hia-*  A  •  s\u^  U  *        \     I 

IV.  Formulas  for  f/w  Solution  of  Plane  Triangleg. — All   thei 
foriHuliB  are  dotliiced  from  the  two  following  principlea  : — 

Tlie  Bum  of  tho  three  angles  of  a  i^kne  txiangle  is  eqxtal  to  t«i 
right  ttiiglos, 

'I'lie  siclos  of  a  phine  triangle  are  proportionul  to  the  sines  of  thi 
opjKi.sito  angles. 

When  the  computations  are  to  be   made  witliotit   tl. 
logjirithnia,  the  siuipkst  formulse  are  the  best ;  but  when  li  . 
lut)   ii»cd,  foi'njulie  of  grcjktvr  complexity  are  often   emplovcti,  m 
order,  lis  fjtr  u»  jws&ible,  to  di-spense  with   additions  and   bubtrso- 
tions,   tind  uiuke  the  calculation   consist  of   multiplications 
diviiiiciua. 

Fig.  jJ3   rcprwsenta  a   plane   triangle,   whose  three   angles 

dt-noU^d  by  A,  B,  C,  and  the  three  aidei 
rv«i.K.'ctivcly  opjiusite  them  by  a,  A,  c. 

The  following  equations  express  in  ran* 
0U8  forma  the  rclution  between  the  ibree 
angles,  and  enable  this  problem  to  ba 
solved,  given,  two  of  the  angUs,  or  trUfonih- 
maricat  functions  o/Uiem  :  to  find  tit^  tUgi 


A 

Fig.  tJ. 
or  « triffonottietriccU  funcHim  of  it 


A  +  B  +  C  =  180»; 


Ixt  A  and  B  be  ghren ;  then 


0=180'  — A  — B: 


(3L) 


(SI) 


amC  =  sin(A  +  B);  cos  C  =  — ooe  (A  +  B);  ...  (33.) 

*"  ^=iiiAti^^=i'^  u=~^ -^r^  -  <**^> 


soLtrriox  of  plane  triangles 
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PMOBLESC  FnST. — Vrtmm  the  Anglea  aad  ob«  814e  arc  (Irra,  let  n  be 

giTfiji  side ;  then  the  other  two  sides  are 


sin  B 


bLq  0 


6  =  0  •  -: — 7- ;  c  =  a'  -. — J-;  (35.) 

sin  A  Bin  A  ^     ' 

hr  logarithms^ 

logj  =  loga  +  logsinB-logrin  A;l  (25  a\ 

log  e  =  log  a  +  log  ain  C  — log  sin  A.  J   ^        '' 

PkOBLKX   Second. — Wben  Tw«  Sld«ii  and   the  laclnded  Aagle  are 

let  o,  6,  be  the  given  aides,  C  the  given  included  angle; 

To  find  the  third  aids,  the  simplest  formula  i^, 

c=  J(a2  +  62-2a6co3C);  (3G.) 

Drg,  ih«t  if  C  is  obtuse,  the  third  term  within  the  brackets 
bo  added  instead  of  Bubtracted). 

this  fumjula  b«ing  unsuitable  for  logarithmic  calculation, 
other  nf  the  following  processes  is  substituted  for  it. 

fSrsl  Method  :— 

mako  sin  D  =  — ^'— -.  00a  — j  then 
a  +  &  2 

c=(a  +  t)  008  D (37.) 


Method : — 

make  tan  E : 


,^NM.ain9;then 
a  -h  2 


c  =  (o  — i)  sec  K  

2.  To  find  the  remaining  angles,  A  and  B. 
If  the  third  aide  has  been  computed, 

gin  A  =•-  '  sdn  C :  sin  B  =  -•  sin  C 
c  c 

'  tlus  third  side  has  not  been  computed, 

A+B        .      C 


taa 


=  cotan  2  ;  tan  — ^  =  ^^  cotan  J  ;| 
A+B    A-B 


2 2 

_A+B    A-B 


A-B     a-h 
;B  = 


(38.) 


(39.) 


(40.) 


KtromBRINO  GE0DE8Y, 


Problem  Third. — Whea  ike  Three  m*tm  am  slr«B. 

To  find  any  one  ofUia  angles,  such  as  0,  the  aimplost 
the  folluwlug  : — 


cos  0  = 


'2ab     ' 


it  this  formula  being  oosuitod  for  logarithmic  calcnlation, 
of  the  tour  following  fonniilsa  is  employed   instead 
logiiritbms  are  used.     Let  the  half-sum  of  the  aides  of  the 
be  deaott>d  by 

«  +  6  +  c    ,, 
«=  — „ — ;  thea 


I 

I  id 


^=\/---^:Bin 


ab 


'2~  V  ab 

ootaii?-\/'3£H5II  .  tau  *"'- a/^5I55E5 

Q  (* 

When  ^  is  a  lai^e  angle,  the  expressions  for  cos  ^  and 

ve  the  most  convenient  in  calculation;  when  it  is  a  small 

C  0 

those  for  sin  -^  and  tan  .^  are  to  l>e  preferred     A  fifth  formola,' 

used  tlmu  the  preceding,  is 


mn  0 


Js{a-a)(»-b){s-e)  ^  f 


n 


but  this  is  unsuitable  if  C  is  nearly  a  right  angle. 

PhoBLEU  FoUIiTU. — Two  didra  liren,  i»«i4  ibe  Angle  opyoali*  m 

them. — In    fig.  23.  let  A   be  the  given  ai 

and  a,  c,  the  given  sides,  of  which  a  is  opp 

A.     The  sine  of  the  angle  opposite  c  is  giv« 

«•'  ~    ♦!..»  . 

Fig.  23. 


this  may  apply  either  to  the  ncute  angle  C  or  to  its  suppleq 
obtuse  angle  C'=  180° -0;  G  and  C  being  the  two  poinl 
straight  line  A  0'  C  which  are  at  the  distance  a  from  B.  Ua 
tifore^  it  i.s  known  by  observation  whether  the  angle  opp 
taide  c  is  acute  or  obtuse,  thb  boVvxIioti  c4  ^^i^  ^to\i\ssA3iv  \a  wmS 


BOLUTIOS  OP   RJGHT-ASOLED  TlUA3fGLK3 

Shonld  thftt,  bowerer,  be  known,  the  angles  can  be  comput 
ce  the  itraainirig  side,  by  the  method  of  the  first  problec 
",  problems  that  tall  iinder  the  fourth  case  ought  to 
Burvejiug,  especially  when  the  angle  opposite  c  is  nearlj 
!e, 
»n  '  trical  problems,  it  is  to  be  borne  in  luind, 

MCw         _^    -,  and  large  obtuse  angles,  are  most  aeeumtelj 
by  means  of  their  sineaj  tnmjenta,  and  coseca7if-n,  anc 
i^tproachiDg  a  right  angle  by  their  coaiiies,  cotangeiUg,  anc 
mami*. 

Vi.KUi  rw  Firm. — To  Mlvca  Bichi-amcle'  Triangle. — ^AU  the  prt*^ 
inulie  are  applicable  io  thia  case;  but  they  become  very 
..,u  ,.   ..ujilified  owing  to  the  values  assumed  by  the  trigonometrical 
fluctioiis  of  tlie  right  angle,  vix. : — 

Sili90'=l;  oo8  90''=:0;  taa  90°  infinite;  cotan  90''  =  0;  sec 
;coeec  90^=1. 

denote  the  right  angle ;  c  the  hypothenuso  ;  A  and  B  th( 

biliqne  angles  ;  a  and  b  the  sides  respectively  opposite  them. 

and  B  are  complementary  au/fles,  and  the  sine  of  each  i; 

r  cosine  of  the  otlier,  as  explained  under  Head  IL  of  this  article. 

following  caai-a  may  be  distinguished : — 

GiTcn,  the  right  angle,  another  angle  B,  the  hypotbenuse  & 


I 


ArsgO'-B;  a  =  cco8B;6=C8inB (45.) 

iivtm,  the  right  angle,  another  angle  B,  a  aide  a, 

A  =  90''-B;  i:.  =  <f  tan B;  c  =  o-8ecB (46.) 

QivBD,  the  right  angle,  and  the  vides  a,  6, 


tan  A  =  Jj  tan  B=-^;  c=^a«  +  6' (47.) 

the  right  angle,  the  hypotbenuse  c  ;  a  side  a, 
A  =  co8B=r^;  6  =  ^c2-a«.  ...... 


sin 


(48.) 


Iven,  the  three  sides  a,  b,  c,  which  fulfilling  the  equatk 
4-  l^,  the  triangle  is  known  to  be  right-angled  at  C. 


•     k       »       ■     u      * 
cm  A  =:—  ;  am  B  =  -- 

c  c 


(49.) 
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KnorXEERIifO  OEODEST. 


Problem  Sixth. — 'To  express  the  area  of  a  plane  triaDgle  in  < 
of  its  sides  and  angles. 

Case  1.  Given,  one  side,  c,  and  tbo  angles. 

.  c*    sin  A  sin  B  ,_- ., 

Area=.5-. ^-^ —  ..  (SO.V 

2        am  C  ^     ' 

Case  2,  Given  two  sides,  &,  e,  and  the  included  angle  A. 

&  e  '  sin  A 


Area  =  - 


3 


(51.) 


Case  3.  Given,  the  three  aides,     ijco  Article  32,  page  33. 


V.  Fomivtla/or  tJte  Soluiiim  of  Spherical  Trvnigles, 

These  lot-inuiiB  aru  all  consoquenoes  of  the  two  followi] 
principles  : — 

Tlia  sum  o/the  three  angles  of  a  spherical  trianffU  extxeds  two  rif 
angles  In/  an  angle  tchi/'h  bears  the  same  proportion  to  fiir  rufi 
anyles  that  t/ie  area  of  t/ie  triangle  bears  to  Uie  surface  of  £/i«  A«ni 
tphfre. 

The  sinea  of  the  angles  of  a  spfurical  triangle  are  proportional 
t/te  siiien  of  the  angles  intbtended  at  iJie  centre  of  the  tpfiere  by  lite  sidii 
to  uhich  tJiei/  are  reupectively  opposite. 

pRonLUM  FiusT. — To  compute  approximately  the  angles  sab 
tended  by  arcs  on  the  earth's  surface,  and  vice  versd. 

In  this  calculation  it  is  sufficiently  accurate  for  the  pjirposes  o 
engiiieering  geodesy  to  treat  the  earth's  suiface  as  a  sphere  of  tin 
diameter  stated  in  Article  3,  p.  2,  viz. : — 

41,778,000  feet  =  7012^  statute  miles; 

■0  that,  referring  to  the  present  Article,  Division  I.,  p.  37,  for  tb 
proportions  borne  to  tlie  radius  by  arcs  subtending  various  units 
angle,  wo  find,  for  the  mean  lengths  of  such  arcs  on  great  circlet 
the  earth's  surface,  the  following  values, —  * 


nitsfli 

clei  oi 

iin«»tH 


*  If  It  11  desired  to  compnto  tliu  lengths  oT  nmM  arcs  on  great  circles  mkii 
more  fircc'i««ly,  the  following  formulii'  may  bo  uaeil:— 

Let  2  <lrnuto  tho  diircronce  Iwtwcen  itie  latitude  of  tho  place  «nd  45°,  tbe  ti^ 
•r —  Indicating  whether  that  latiluile  is  grenler  or  lc*s  than  46".     Tbcn  tlie  leogti 
in  feet  of  an  arc  of  the  meridian  which  tuhleads  one  minute  is 


MS  6076-36 


(I.) 


i 


ARCS   OX  THE   EABTB  S  SDTIFACE. 
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Mean  lengtli  in  Feet. 

eqiiftl  to  radius, 20,889,000 

aabtending  one  degree, 364,582 

Attbteadittg  one  minute, 6076*36 

tending  one  second, 101-273 

a 


Logarithm. 

37S3<i437 
2-0054925 


a  he  the  length  in  feet  of  an  arc  on  the  earth's  sorfuoej 
uigl«  iubttodod  by  it  in  seconds  ;  then 

-  =  0-^101-273  nearly (52.) 

iBT-rM  Skootoj. — To  compute  approxiniatoly  the  a'mea  of  the 
.  subtended  by  amall  arcs  on  the  earth's  surface,  and  vice  verisA. 

-  be  the  ratio  of  a  Bmall  arc  a  to  the  earth's  radius  r  ;  »  the 

ded  by  it     Then  it  is  known  that  the  two  following 


^tea 


[tti  in  tret  of  an  uc  subtending  odo  mlnate,  on  a  great  circle  peipendicotar  to 

,  i» 

«.=6076.30  (14.31^=*=';^;^);. (..) 

in  feet  of  an  arc  subtending  one  mlnate  on  a  great  circle  which  makea 
itli  Uie  meririiiiu,  ii 


W-zamco*'^  4-  w'sinV. 


(3.) 


the  arcs  inbtanding  one  minate  on  great  circles  which  cun  b« 
point  ii 

=.o«.»(..A±^') o.) 


at4-M' 


Del  of  SO*^  of  latitude,  which  dirides  the  surfnco  of  the  hemiiphrroid  Into 

)aal  pans,  the  fjictor  of  this  expression  within  the  brackets  is  reduced  to 

I  laoiph  of  the  arc  to  its  mean  value;  and  die  area  of  the  sarfoce  of  the 

^■fanaat  exactly  ef|iial  to  that  of  a  sphere  of  the  radius  of  '20,889.000  feet, 

Mfing  to  l^at  value  of  the  ate.     It  \a  for  these  reoaooa  tliat  6076-30  feci  hus 

n^inl  in  this  work  lu  ilia  true  mean  length  of  a  nautical  mile,  rather  than  the 

le  iif  the  e<in(itiir, 

.nxn  feet  uf  a  M|uara,«ach  of  whose  tides  subtends  one  n^nte  at  a 


HS 


»{60Te-36)''  (1  + 


?'(l 


.2y 


ncarlv*,  (5-) 


800  160  J 

fiiy  also  bn  its  mean  value  at  tlin  parallel  of.lO";  viz.  (607680)*. 
in  Cesi  gf  •  minaie  uf  longitude  U  given  by  the  formula 

i»«"  =5 m" CO*' latitude , (6.) 


M^  formnlip,  tho  fifrnre  of  a  level  gurfaco  is  treated  as  if  it  wero  sn 
j1  r.i.lnii  ,„  ttiili  Tite  p>'lur  und  equntorisl  diatneten  in  the  mlio  of 
)i  of  TiiriouK  irrt;.r>iliiri«ief  in  the  fomi  of  that  sur- 
'  ved,  but  which  have  not  jet  been  reduc«l  to  an; 
L~^:j«a  ■•  .vaaciula,"  p.  anr.  ) 


i8 


ENQINEEHINO  OEOOE8T. 


•eriea  jnve  approximationa  to  the  value  of  each  of  those 
in  terms  of  the  other j 

1      a»  .         1         a« 


u 


""-=-r-i^-5-^r5^-5f-**' ^ 


cases  which  occur  in  engineering  geodesy,  the  firsv 
'  each  of  those  aeries  are  Hufhcient,  and  they  may  be  ' 
'ezprBBsed  : — 

^''=1(}-'^^^^y'> ^^^ 

-  =  ain«fl  +  — ^ — jnearly. (55 

For  logarithmjc  calculation  the  following  approxiniate  form) 
are  oonvenient : — 

log  Bin  «  =  log-  -  •  0723824  %- 

^  log  o  (in  foet) - 7-3199176-  0723824  ^j ,.  (66  Ai 

log  a  (in  feot)  =  7 -31 991 76  + log  sin  •  +  •0723824  sin  ««  (66  A 
(•  0723824  =  modulus  of  the  common  logarithms  -i-  6.) 

Problem  Thhid. — Given,  the  area  of  a  spherical  triangle  on 
earth's  surface ;  to  find  the  excess  of  the  sum  of  the  three  an 
above  two  right  angles  (or  as  it  is  called,  the  "spherical  exoesBi 

Let  S  be  the  area  of  the  triangle,  r  the  earth's  radiu8|  X. 
spherical  excess;  then 

X  =  3G0'--^ 

=  angle  subtended  by  arc  equal  to  radios  •  -j; (6> 

that  is  to  say — 


_  ,.  ,  ,      200264-8  8  (in  square  feet) 

X  (m  seconds)=       43C>350,321. 000,000 

8  (in  sqnare  feet)    , 

"2,115,600,000  nearly'   

or  by  logarithms, 
log  X  (in  seconds)  =  log  S  (in  square  feet) — 9-3264101 ... (68  i 


(Si 
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les  fur  the  eohition  of  spherical  triangles,  the  worj 
for  brevity's  sake,  ■when  "the  aii^'le  subteii 


he  centre  of  tho  sphere"  is  meaut.  In 
k.,  B,  C  aw  the  t.hi-co  iinglea  of  a  spherical 
c»,  6,  c,  the  sides  rosfMi-otively  oj)po3ite 
Oie  angles  subtended  rosiwctivcly  by  these 
liich  angles  are  ciiUed  *'  the  sides "  in 
he  rules,  will  lie  denottfl  by  «,  /3,  y, 
UBt  FouRTU.  —  Given,  two  angles  of  a 
\  triangle,  and  the  side  bt'tween  them;  to 
netiuiining  aide*  ond  angle — 
^  B  be  the  given  augleii,  and  y  the  given 
khen  to  titid  tJie  retaoiuing  sides  «  and  fi— 

A-B 

ffta 


subtended  by  a 


Fig.  24. 


taa^-  =  tan|' 


008 


COS 


*w»V^«tan| 


eiQ 


sin- 


2 
A+B' 

2 
A-B 

A  +  B' 


.(59.) 


tt  +  fi     u-». 


|9  = 


•  +/J     *-i9 


mk  the  remaining  angle  C,  we  have  the  proportion — 

sin  «  :  ain  /3  :ainy  :  :  Bin  A  :  sin  B  :  sin  C. {^^') 

BUDf  FtFTH. — Given,  two  sides  of  a  Bjthei-ical  ti-iangle  and 
gle  W'tween  them;  to  find  the  ifniaiiiiug  aide  and  angle — - 
«,  /9  be  the  given  sides ;  C,  the  given  angle, 
€  Mtthod, — To  find  the  remaining  side  yj 


cos  y  =  ooe  ••  cos  /3  +  Bin  w  •  sin  (8  -  cos  C ; 


.(61.) 


^ 


lited  to  calculation  by  logarithuiK,  the 
Irom  it; 


Make  sin  D  =  cos 


sin  a' sin  3;  then 


8in( 


{t±l-iM 


l)|;  (62.) 


the  remjuaing  angles,  wo  have  the  proportion, 
tin  y  :  sin  •* :  Bin  /9  :  :  «in  0  :  Kin  A  :  sin  B.  .. . 


.(63.)^ 


60 
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Stcond  Method. — ^To  find  the  remaining  angles,  A,  B. 


tan 


«-(8  C 

A4.B    ^-2-''^^^ 


ton 


2 


A-B 


»  +  fi 
■  » 


OOS-g- 


,     0 
ootan-^ 


A+B     A-B   « 


K  +  fi  * 

2 
A  +  B     A 


Bin -2^ 


2 


•m 


The  remaining  aide  y  ia  found  by  tlie  jn-oportion  (63). 

Problem  Sixth. — Tho  three  sides  uf  a  Bplierical  triangle  bdi 
given;  to  find  the  angles — 

Let  C  be  the  anglo  sought  in  the  Gret  instance.     Then 

_      cos  y  — cos  • 'COS  4  y/»jr\ 

coeC= -. : — ;    io5.) 

bat  aa  this  formiila  is  not  adapted  for  logarithmic  calculation,  oi 
or  otlii-r  of  tho  following,  which  are  deduced  from  it,  is  to  be  eo 

ployed  lor  that  purpose : — 

•  +  j8  +  y 

'■       2 


Lett 


denote  the  half  suia  of  the  sides ; 


OM 


q  /sin>-Bin(>-y) .    •    O  _  .    /sin  (>-«.)  (sin  ^^ 

c  c  c        c 

Kcoe  a  w  ^st  when  ^  approaches  a  right  angle ;  sin  ^  when  -^  ia  small 

These  formula}  will-  serve  alike  to  comjnite  any  angle.     If  it 
desired  to  express  the  angle  sought  by  A  or  by  B,  the  foUowiq{ 
Bubstilutions  are  to  be  made  in  the  formuloa:-^ 

For  the  following  synilxtls  in  the  formulfls  for  C, ...     m    fi    y 

Substitute   resfjcctively   in   the   foi-mulie  for  A, . . .     fi    y    » 

—  —  —  —        for  B,  ...     y    «    3 

Pboblkm  Seventh, — In  a  right-angled  spherical  triangle,  till 

right  snglc  and  any  two  other  parts  being  given,  to  find  the  remam 

ing  piirts. 

Let  C  be  the  right  angle,  and  y  the  side  opposite  to  it 
Case  1. — Two  sides   being  given,  the  tlilrd  is   found   by 
[•^nation — 

rns  m  •  C08 /*  =  008  v ',    -^"^N 


APPBOXIJtATS  SOLCTIOXS  OF  BPUKH1CA.L  TRIAXOLES. 

the  obliqae  angles  bj  the  eqnations — 

cos  A  =  cotan  y  tan;3;  cos  B  =  cotan  y  •  tan  « ;  , 
y  tbe  eqnatiotia — 

colon  A  ~  cotau  »  •  sin  fi;  cotan  B  =  cotan  ^  *  siu  «. . . .(69.) 

2. — Given,  a  side  («)  and  the  opposite  angle  (A).     Find 
ide  fi  by  tbe  i'unnula — 

sin  /8=  tan  «  -cotan  A;  (70.) 

find  y  by  (67)  and  B  by  (08)  or  (69). 
Be  3. — Given,  a  side  («)  and  the  adjacent  angle  (B). 
ide  y  by  the  formula — 

cotan  y  =  cae  A'cotan/S; (71.) 

find  m.  by  (G7)  and  B  by  (68)  or  (69> 
Lae  4. — Given,  two  angles,  A,  B — 

008  A  ^      cos  B  i.         i         X        Ti    /»-o  V 

oo8«  =  -: — Ti;co8/9=-T — r-;  COS  y  =  cotan  A- cotan  B.  (<  2.) 
smB  tuuA  ^     ' 

T«    Approximate  SoItUiona  of  Spfierical     Triangles,  vmJ,  in 
fimonijetrical  Survei/in//. 

■  the  largest  triangles  forme<l  in  trigonometrical  surveying  do 
mcxsarc  more  than  100  miles  in  the  side,  and  the  ordinary 
B^es  much  less,  the  curvature  of  the  arcs  forming  their  sides 
mj  slight,  and  their  areas  are  very  small  fractions  of  that  of  a 
jDUphcrc  of  the  earth ;  and  consequently  approximate  methods 
oloilation   can  be  applied   to  them,  by  which   much   of  the 
|r^^'  u  <^<tred  that  would  be  required  by  a  strict  adherence  to  the 
rical  trigonometry. 
I  ii..ui.i.«  First. — Given,  in  a  trinngle  on  the  earth's  surface  the 
of  one  side,  e,  and   the  adjacent  angles,  A,  Bj   to  find 
ttly  the  third  angle,  C. 
,  by  equation  oO,  p.  46,  the  approximate  area  of  the 
if  it  were  plane.      From  that  area,  by  equation  58,  or 
.  calculate  the  "  spherical  excess  "  X.     Then 

CrrlSO'+X-A-B (73.) 

I  8econt>. — To  find  approximately  the  remaining  aides, 
same  triangle.     Let  «,  fi,  y  be  the  angles  subtended  by 

Ltaiiki, 

Mihutl  First  (By  8])herica]  trigonometry). — Find  the  arc  y  wib- 
fiidfii  liy  tlie  given  side  c  by  equation  52,  p.  47 ;  or  else  find 
ttr  dixtctly  from  c  by  equation  55  or  65  A,  p.  48.     Then 

^"  sin  A  sin  y     .    ,    sinBsiny  „ .  . 


tda  C 


sin  C 
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from  which  find  «  and  4  in  seconds;  then  the  lengths  of  the  ades 
feet  are — 

a- 101-373  «;  6  =  101273 /»; (7ft) 

or  a  and  b  may  be  CHlculat«d  directly  from  sin  «  and  axx  fi  by  eqa 

tion  56  or  66  a,  p.  48, 

Method  Second  {Jiy  plane  trigonometry). — From  each  of  tj 
^^-  anglea  Bnbtract  oao  third  uf  the  spherical  excees,  and  then  treat  tt 
^H  triangle  a«  if  it  were  ]>laua     That  is  to  say — 

P 


.(C-3)  •un(O-y) 


ami 


FbOBUM  Third. — Given,  in  a  triangle  on  the  t-nrth's  surfiioo.  twi 
aidefl  a,  6,  and  the  included  angle  0;  to  iiiid  the  reiuiuniiig  sidd,  a 
and  angles.  A,  B. 

Mel/i-txi  First  (By  spherical  trigonometry). — As  in  the  Inst  proli 
lom,  iiud  the  angles  «,  $,  subtended  by  the  sides,  by  meaui 
equation  52,  p.  47,  or  the  sines  of  those  anglt'S  by  nienns  of  i>qu»ti 
66  A,  p.  48.    Then  »olve  the  triangle  as  a  split* rical  tiinnglo,  by  mi 
of  equutions  62  and  63,  p.  49,  or  equntion  64,  p.  60.     Lastly,  uuJb 

e  in  feet  =  101*273  yin  seconda  (TTi) 

MfAodStoond  (By  plane  trigononjctry). — Compute  tl> 
a  by  equation  HI,  ji.  46,  a^  if  the  triangle  V' 
thence  compute  the  apherical  exce*j  X  by  equation  58  ur  i}6  a,  |^ 
48,  and  deduct  one-third  o{  it  from  the  given  angle.  Then  considci 
the  triangle  as  a  plane  triangle,  in  which  are  given  the  two  sides  a,  ( 

and  the  included  angle  C  =  0  —  -5-.     Find  the  third  side  c  by  eqa 

tion  37,  or  equation  38,  p.  43 ;  and  the  remaining  angles  A',  H,  cl 
the  supiwsed  plane  triangle,  by  the  equations  39  or  40,  p.  43;  ■]!( 
for  the  remaining  angles  of  the  real  spherical  triangle,  take 

A  =  A'  +  y;B  =  B'  +  | (7^) 

Problem  Fourth. — To  diminish  as  far  as  possible  the  oiTeda  < 
small  en-ors  in  angular  measurements. 

Such  small  errors  are  detected  by  measuring  the  whole  thrd 
angles  of  a  spherical  ti-ianglo,  and  adding  them  together.  If  tin 
measurements  are  perfectly  correct,  we  ahal'  find 

A  +  B  +  C=180»  +  X, 

being  the  spherical  excess,  if  it  ia  a-p^rocvvXjV^.    "^iwiJi.  ^S. 


hftT*  beea  oommlttod  in  meosoring  the  aoglea,  ire  ahall 


I  E  is  the  total  error.     Then  for  the  most  probable  valuea  of 
I  eotrected  angles  are  to  be  taken 

-f'^  =  »'=^l'^  =  ^=^l   (79.) 
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of  each  angle  being  one-third  of  the  total  error,  and 
itc  in  sign. 

The  Thmm4*utm  is  an  instnunent  whoso  chief  use  is  to  measure 
lo^  in  a  horizontal  plane,  or  "azimtUhs,"  and  which  is  occa- 
KnUy  oaed  to  measure  also  rertical  angles,  or  aUihuida  cmd 
itfnttianiL, 

When  the  word  Azimuth  in  used  without  qualiiication,  it  usually 
giians  the  q umber  of  degrees,  miuutes,  and  secouds  by  which  the 
Anctlun  of  a  vertical  plane  passing  through  a  station  and  a  given 
iigect  Ueriatee  to  the  rigfU  of  a  vertical  plane  passing  through  the 
IMdoo  and  the  North  Pole.  When  "  Magnetic  Azimuth"  is  sped- 
Itd,  the  angular  deviatioa  is  reckoned  from  the  magnetic  meridian 
iiMtead  of  the  true  meridian. 

Bat  the  relative  azimuth  of  any  two  objects  may  be  measured  at 

t  girvu  station ;  that  is  to  say,  the  number  of  degrees,  minutes,  and 

aBOO&ds  by  which  a  vertical  plane  traversing  the  atution  and  one  of 

^iuf  ol^jects  deviates  to  the  right  of  a  vertical  plane  passing  through 

'  ■  >Q  and  the  other  object. 

ziuiuth  exceeding  180°  denotes  that  the  direction  of  the 

>  which  it  is  me&sui'ed  lies  to  the  U/i  o(  the  direction  fin^m 

/imuths  are  measured,  by  an  angle  equul  to  the  difference 

the  azimuth  and  360°. 

'  uuupb; :  in  fig.  25,  let  A  denote  a  station  j  A  B  the  direo- 

MQ  Ql  the  {Nile,  or,  us  the  ca^e  may 

U,  of  the  object  frum  which  azimuths 

■It  measured,  and  which  is  held  to 

hire  tlic  azimuth  0°.  C  being  an  objctct 

wlutb  lies  to  the  right  of  A  B,  its 

'  'ii-  number  of  d^reea, 

the  arc  6  e,  is  equsd 

A  C.     On  the  other 

1  object  lying  to  the 

iiith,   bi'ing  the 

.,  subtended  by 

•  the  difference 

-     iDaud  36(K 


CKOnrREBING  GEODESY. 

Tlie  horizontal  angle  between  any  two  directions  is  the  iVr^' 
of  their  azimuths,  il'  thut  difference  is  less  tlian  1 60";  if  it  i< 

than    180°,   the  i-v 
3G0°  above  the  dilJ  i      ^ 
of    the    ozimutha    \s    the 
angle  between  the   dirvtj- 
tioaa. 

A  Ititudes  and  dcprr-r^rmt 
are     the     angles, 
aciite,  which  the  dn 
of  objects,  as  sttfri  i   ■■     > 
given  station,  moke  uiuv.? . 
and    below    a    borizontiU 
plane.     The  use  of  thtsw 
angles  will  Iw  further  ex- 
plained under  the  bead  of 
Levelling. 

The  structure  of  \kvo- 
dolltes  varies  very  mncb; 
but  there  are  cca-tain  e8een> 
tiiil  parts  which  are  com- 
mon to  all,  and  which  will 
now  be  enumerated,  com- 
mencing at  the  top,  as  thry 
are  found  in  the  "  Tnuutit 
Thefjdolite."  The  usuiil 
material  is  brass,  c^ff'pt 
for  the  '«liinb"  or 
ateil  ring  of  each  i 
circles,  which  is  of  sihtr 
or  palladium. 

I.  The  Tdmrojie  A  B 
consists  of  two  tul>e8,  on»» 
sliding  within  the  other. 
The  outer  tube  has,  at  it» 
further  end  A,  the  objrvt- 
glii«a,  -which  form?  *  •*• 
focus  an  inverted  n 
tbo  object  looked  ixu  i  nv 
inner  tube  has,  at  its  neuvr 
cud  B,  a  cotii' '  ' 

glasses  called  the  "eye-piece,"  which  magnifies  that  in\ 
"je  use  of  an  additional  tube  and  certain  additinii: 
eciing  eye-piece"  may  be  fonned,  which  makes  the  > 

but  this  causes  less  of  light,  and  possesses  &u  jurUuuUx 


THEODOLITE. 


55 


klagek     By  mo-vicg  the  inner  tube  inwards  and  outwanls  by 
t  «£d  janiofi,  tara^  by  iLe  milled  head  h,  the  foci  of  the  object- 
I  kod  rvti-fieoa  are  a^JuskHi  till  they  coincide, 
'^hich  vf  kri'iirii  by  the  di^itiuct  and  steady  ap^iear- 
f§aix  of  ihv  image. 

,  tbe  common  focns  of  the  object-glass  and  eye- 

,  wikore  the  inverted  image  is  seou,  there  is  a 

or  partition,  with  a  i-ound  hole  in  the 

by  three  sj)ider's  linea,  or  equally 


croflwd 


rig.  27. 

platinum  wires  (etee  tig.   27);  one  horizontal,  A  B,  and  the 
»,  CD,  EG,  deviating  sliglitly  to  opposite  sides  of  a  ver- 
1*.     The  |K)iut  F  where  those  win-s  cross  each  other  should 
in  the  axis  or  "lins  of  collimation"  of  the  telescope;  and 
of  foiir  .vrews  for  adjusting  it  to  that  position  are  shown 
rill,  o,  a,  in  fig.  20. 
The  ^Spirit-Level  e  is  attached  to  the  outer  telescope-tube 
-  .  by  means  of  whicli  it  ain  be  set  exactly  jjarallel  to  the 
'li!nati<m  ;  bo  that  when  the  air-bubble  is  in  the  centre  of 
.'1,  the  telir;>cope  is  horizontaL     Tlie  coustruction  and  use  of 
■Irvj-ls  will  be  further  ex|ihiiMed  mider  the  head  of  levelling. 
The  Uoriiontnl.  Axis  C,  when  the  instrument  is  in  adjust- 
in  exactly  at  riglit  nuglea   to  the  line   of  coUimation,  and 
ftvtiy  level ;  so  that  the  t<-lescope  may  turn  about  on  the  bearings 
of  UiBt  axis  in  a  truly  vertical  jilaue. 
IV.  The  Frtimeji '  ■  '  ^  (D»  I^?)  of  the  horizontal  axis  are  high 

uph,  in  tfic  trii  iulite,  to  admit  of  the  telescope  beiug 

K-  A  er  in  a  vertical  plane ;  a  motion  which  is  u«e- 

u  objien-ations.     In  Colonel  Everest's  theodo- 
e  sap]>ort3  arc  tnade  low,  for  the  sake  of  compactness;  but 
rlt90ope  may  be  t^irned  completely  over  when  required,  by 
IIm  horizontal  axis  out  of  its  bearings.     In 
inini  theodolite  the  teU'scopo  is  not  fizcd 

■f  that  axis,  but  is  supported  in  two  /^^  ^'• 

:rA  .   ,.    .  .iUed  Y's,  at  the  ends  of  a  bar  which 
fix^d  at  right  angles  to  the  horizontal  axis;  so 
that  tlie  teleseojje  can  be  tximed  end  for  end  by 
liftifig  it  out  of  the  Y's,    "When  not  requii-ed  to  be 


f^ope  is  clasjted  firmly  in  its  Y's 
I  r  arcs    oillefl  "  clips,"   which 


Kg.  28. 


Y's  at  one  side  and  fastened  with  pins  at  the 


liftMioat 
\if  two  • 
eeliiugixi 

v.  The  Vertical  Circle  or  AhittuU  Circle  E  is  fixed  upon  the 
ImnKmtal  axJK  It  is  divided  into  four  quadi-ants,  the  dcgreee 
iti  «nfh  of  which  arc  mm)V»ered  from  0'^  to  90^^,  as  indicated 
ID  Uie  tkcrch,  Bg.   2S.     The  two    if  a  are   at  the  cuds   of    tha 


~1 


i&i 
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diameter  parallel  to  the  lino  of  collimation  of  tlie  telescope;  tli» 
two  90*8  at  the  ends  of  the  diameter  porpt'miiciUar  to  tbe  former. 
There  are  two  indices  with  venuers,*  at  opposite  ends  of  a 
horizoutal  bar,  read  by  the  mici-osoojies  e,  «/  when  the  lino  of  <»J« 
limation  is  horizoutal,  each  of  those  indices  i-eads,  or  ought  t» 
read,  0°. 

In  directing  the  telescope  to  any  object,  it  is  turned  at  first  hr 
hand  as  nearly  in  the  required  direction  as  jwsaible;  then  the 
vertioal  circle  is  "clamped,"  by  turning  a  clamp-screw  which  lay* 
hold  of  its  lower  edge;  and  then,  by  the  faiu/ent'acrew  d,  a  slow 
motion  is  given  to  the  circle  and  telescope  until  the  line  of  coUima- 
tion  jwints  exactly  towards  the  object 

In  Colonel  Everest's  thcotlolite,  instead  of  a  complete  Tertiod 
circle,  there  are  two  opposite  sectors  of  about  90°  each,  so  as  to  fat 
capable  of  measuring  aJtitudos  and  depre^ons  as  far  as  45°;  and 
the  spirit-level  is  attached  to  the  index-bar,  instead  of  to  the 
telescope. 

In  the  common  theodolite,  instead  of  a  vertical  circle  thei«  ]»  a 
semicircle  only,  having  but  one  index  and  voruier. 

VI.  The   Vernier-Plate  F  (fig.  26),  is  a  circular  plate,  fi^"^'^  <■■" 
the  top  of,  and  exactly  perpendicular  to,  the  inner  vorlicai  n 
cealod  in  the  figure).     It  carries  at  its  sides  the  supports  li,  i-,  ■■• 
die  horizontal  axis,  in  its  centre  a  magvHic  compaeis  with  a  gliui 
top,  aad  near  its  edge  a  pair  of  «pirit-leve/^f,/,  at  right  a^  ■'-  * 
each  other.     At  two  points  on  its  edge,  diametrically  op j 

each  other,  are  two  indices  with  verniers,  read  by  means  oi  lun 
microscopes//,  g.  (In  many  theodolites  there  is  but  one  microMOpt 
for  this  purpose,  which  is  shifted  round  to  the  one  or  the  otMT 
Temier  as  required.) 

In  Colonel  Everest's  theodolite  the  plnce  of  the  lowor  hori^ooiil 
circle  is  supplied  by  three  horizontal  ai*ms  diverging  from  thf  i«f 
of  the  inner  vertical  axis  at  equal  angles  of  120",  and  havui 
and  verniers  at  their  ends;  and  insin^  of  the  two  spirit- Us 
thei-e  is  one  spirit-level  fixed  ]>araliel  to  the  horizontal  axis. 

VII.  The  Horizontal  Circle  G  has  its  edge  or  limb  Ixjvelled  t» 
the  figure  of  the  frustum  of  a  cone,  and  graduatt-d  j  the  degrex* 
being  numbei-ed  c<:»utinuously  round  it  towards  the  right,  iin  t5 

*  According  to  the  ordinary  ooiutruction  of  a  vernier,  lu  toUl  leugth  r 

•  number  of  divigioni  of  tho  primary  scale  less  by  one  than  thi>  n,,„,i..., 
divisions  into  which  those  divisions  are  to  be  subdis'ided.     > 

that  the  limb  of  one  of  the  circles   of  a  theodulite  is  dlriJ' 

•  degree,  or  20',  and  that  it  is  to  be  subdivided  by  a  Temier  to  iliu<l  i 
minuip.  or  '20",  each  subdivision  being  one-iixlietK  part  of  a  primary-  dh. 

■  f  the  vernier  will  be  ttO  —  1  =  69  div5*ion»  of  the  primary  icale,  in  i  n  "UJ 

I  .'i  Lato  60  aqiul  p*rti,  each  equal  ta  &9-60tb3  of  a  diviaioa  of  tlie  pnawr; 
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Fig.  29. 


",  as  inJii-atod  by  th<>  sketch,  fig.  29.     The  faces  of  the  vcrniora 
irtioiis  of  th«?  wime  wnical  Burface.     An  arm  pmjectiiig  from 
uej"-plate  (or  in  Colonel  Everest's  theodolite,  from  the  inner 
Axi»)  caniea  the  clamp  H  for  laying  hold  of  the  circle 
t]»«  telescope   has  been   tiirued  approximately  towards  an 
by  hand,  and  the  tangeid-screw  I  for 
the  vemier-plate  a  slow  motion  until 
ie  of  coUiiuatioa  points  exactly  towards 

I  size  of  the  circles  of  a  theodolite,  both 

)atal  and  vertical,  and  the  tniuut«nesa 

Ibeir  gradnatious,  dt-penda  on  the  extent 

aocomcy  of  the  operations  for  which 

iiy  are  intended.     Four  inches  and  eight 

in  diauiet4?r  are  about  the  extreme 

of  diameter  for  horizontal  circles  ia 

I  Boade  for  any  onliniiry  purpose,  though  a  few  have  been  made 

■  adxes.     Those  moftt  commonly  used  in  8iir\'eying  have  circles 

ffire  5nohpf<  in  diam''tt*r,  divided  into  half-degrees,  and  subdivided 

tl  minutes,  and  by  estimation  with  the  eye  to 

For  such  purposes  as  the  principid  tri- 

y  for  a  line  of  railway,  and  for  ranging 

rv.  \,  lite  ia  requisite:  it  ia  genenilly  sufficient 

natt  one  with  oii-clca  of  six  inches  in  diameter,  divided  to  twenty 

littut^s,  and  subdivided  by  the  verniers  to  twenty  seconds,  and  by 

tiniation  with  the  eye  to  ten  seconds. 

YIIL  The  Outer  Vertical  Axk  Y.  \s  fixed  to  the  horizontal 
cle,  and  is  a  tube,  wJiitaining  within  it  and  accurately  fitting 
ier  vertical  axis.  It  turns  round  on  a  ball-and-socket  joint 
lower  end;  ami  is  clamped  in  any  required  position  by 
of  a  collar  with  a  tightening-screw  k.  From  tho  collar 
m«ct»  an  arm,  acted  upon  by  means  of  the  tangent^screw  t,  attii 
givo  a  slow  motion  in  ojdmuth  to  the  horizontal  circlo  wbeikj 
it«'T  vertical  axis  is  clamped.  The  fixed  nut  of  this  screw 
i«<l  to — 

IX.  The  Up}ie>-  ParalUl  Plate  L,  through  a  cylindrical  socket  in 
the  outer  vertical  axis  passes,  so  as  to  bo  always  at  right 
to  it.     TJje  four  jAate-scieics  I,  I,  I  (and  a  fourth  concealed), 
ihice  the  vertical  axes  truly  vertical,  by  adjusting  tlie 
tho  plate  L  relati%'ely  to — 

Lower  ParaJM  Plate  M,  to  tho  centre  of  which  tho  outer 
is    attiulied  by  means   of  the  l>all-and-sockct  joint 
^  plate  is  screwed  upon — 
[1  ^  ^,   which   is   supported  by  thn 

roodeft  Ic^     Lu  the  mid«ilo  of  the  lower  side  of  the  staii'-l 


directly  under  tho  vortical  axis,   is  screwed   a  book 
in  the  figiu-e),  from  which  a  plummet  is  hung,  in  oixler 
whether  the  ceutre^f  the  theodolite  is  exactly  over  th4 
on  the  ground. 

Insteiul  of  tlie  Hj>i)er  i>arallel  plate,  Colonel  Everest's  theodi 
has  three  diverging  anns  (Hg.  30),  as  in  an  astronomical  cij 
with  a  vertical  foot-screw  sujiporting  the  end  of  each.  The  Ifl 
end  of  each  screw  has  a  shoulder,  by  means  of  which   it  is  ] 

down  to  the  plate  ffi 
forais  the  t<:»p  of  the  8 
bead ;  and  these  sboull 
form  the  only  nttachil 
between  the  Htafl'-head 
the  instrument.  The  <j 
advantage  of  this  consH 
tion  is,  that  the  three  { 
screws  can  be  adjusted  » 
cue  hand;  whereas  thi^ 
justment  of  the  four  pi 
screws  in  the  ormil 
coustruction  requiree  ]) 
Lands. 

In    some    tbcodolitoj 
Moond  tel('scoj)c  is  attae 
below  the  horizontal  oil 
in  order,  by  directing  1 
y-    -«  telescope  on  an  object 

'  test  whether  the  circle i 

been  disturbed  during  the  interval  between  two  olisorvnfiona 

3t>.    A<ijmi»un(>nla    ol    the    Theodolllf. The     adjustments     of 

theodolite,  as  well  as  those  of  every  other  svirvejring  instrumi 
may  be  distinguished  into  temporary  adjustments,  which  are  ni 
by  the  user  of  the  instniment  each  time  thnt  it  is  set  up,  and  ] 
mAuent  adjustments,  which  are  made  by  the  niauulHcturer,  i 
ordy  tested  and  corrected  occaMonally  by  the  user. 

1.  The  Temporary  Adjtisttnents  will  now  bo  described,  on 
8U|)po.sitiou  that  the  permanent  adjustments  are  correct. 

(1.)  Place  the  theodolite  at  the  station  by  the  aid  of  the  plaj 
line  mentioned  in  Division  XI.  of  the  last  Article. 

(2.)  To  "level  the  instrument" — that  is,  to  place  the  -wrt 
axis  truly  vertical — the  easiest  i)roccss  is  to  make  the  vera 
plate  ti-uly  horizontal  by  means  of  the  spirit-levels/,/  For  t 
j»ur[i08e  it  is  to  V>e  tumetl  into  such  a  position  that  the  two  (»pj 
evela  /,  I  shall  be  parallel  respectively  to  the  two  diagonals  of 

uare  formed  by  the  plate-screws.     Then   the  bubble  is  to 
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to  tlie  oeotre  of  each  level  by  turning  the  pair  of  pkte- 

0  wltO0e>  pUme  the  levt.-l  lies  pumllcl. 

TO  exact  Adjustment,  however,  can  be  mnde  by  means  of 

1  c  attwched  to  the  telesco{io,  bo«n>se  it  is  larger  and  innre 
tlutn  those  attached  to  the  vernier- plate.     To  eflect  thia 

BDt,  tnm  the  vernier-plate  till  the  telescope  is  over  one  jioir 
••crews  :  by  the  aid  of  the  tangent-screw  d,  adjust  the 
circlo  carefully  to  0° ;  turn  the  pair  of  plate-screwa  under 
oopo  until  the  bubble  is  brought  to  the  centre  of  the  spirit- 
urn  the  vernier-plate  njund  through  180*;  if  the  bubble 
from  the  centre  of  the  spirit-level,  correct  one-half  of 
by  the  tangent-screvr  d,  and  tlie  other  lialf  by  the 
s  :  turn  the  vernier-plate  through  "JO",  ro  as  to  bring  the 
6  over  the  other  pair  of  plate-screws,  by  means  of  which 
le  bubble  to  the  centre  of  the  level  again  :  the  vertical  axis 
July  vertical 

bubbles  are  not  now  at  the  centres  of  the  vemier-j'late 

those  levels  are  not  truly  perjiendicular  to  the  vci-tical 

correction  of  this  error  belongs  to  the  permanent 


the 


1  Everest's  theodolite  the  vertical  axis  is  adjusted  by 
!  level  which  in  parallel  to  the  horizontal  axis,  by  first 
.  level  [Nimllel  to  a  Uno  joining  any  two  of  the  three  foot- 
bringing  the  bubble  to  the  centre  by  turning  one  or  both 
(1  then  tuniing  the  upper  part  of  the  instrument  through 
the  bubble  to  the  centre  of  the  level  in  its  new 
of  the  third  foot-screw. 
the  telescope  for  the  pi-eveution  of  "  jiai-allax  " — 
ing  the  foci  of  the  glasses  to  the  cross- wires, — look 
idbBsoope,  and  shift  the  eye-piece  in  and  out  until 
are  neen  with  perfect  distinctness.  Then  direct  the 
some  well-defined  di-st^nt  object,  and  by  means  of  the 
b,  shift  the  inner  tube  in  and  out  until  the  image  of 
floen  sharp  and  clear,  coinciding  apparently  with  the 
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part,  of  thia  adjustment  has  to  be  made  anew  for  each 
_:  a  different  distance  from  the  preceding  one.  The 
object,  the  further  must  the  inner  tube  be  drawn  out. 
test  of  the  adjustment  for  panillax  is  to  move  the  head 
fto  side  while  looking  through  the  telescope.  If  the  ad- 
p«?rfeet,  the  image  of  the  object  will  seem  steadily  to 
th  the  cross-wireii :  if  imperfect,  the  image  will  8«?em  to 
head  is  moved.  If  the  image  seems  to  shift  in  the 
tJon  to  the  hold,  the  inner  tube  nn>at  be  dinwu  out 
iJjc  jtfiMg  dh-cctioti,  it  nniHt  he  ihtLwn  iiiwardi 


BssGSMaatauxa  chdodist. 

II.  Tto  PermanmU  Adjustmenta  should  be  tMtCMl  from 
tintc  ;  but  in  a    wuU-made  tlieodolite   they  will   seldom 
correction.     Before  testing  those  adJiiBtmente,  the  temiionuy 
Justmuut'!  should  be  made  with  cara 

(I.)  The  Adjustment  ofOtA  Line  of  Colliinatuyn,  in  a  tnuisit  U| 
dolito,  nnd  also  in  Colonel  Everest's,  oonaists  in  placing  that 
precisely  at  right  augles  to  the  horizontal  axis.  To  effoot  fe 
direct  tho  lino  of  coUimation  towards  some  very  distinct  djdl 
objfrot,  bringing,  by  means  of  the  tangont-screw  of  tho  horim 
circle,  the  croes-wires  to  coincide  in  azimuth  with  thi  ' 
well-delincd  point  in  that  object.  The  vertical  cin ! 
unclampt'd.  Now  lift  tho  horizontal  axis  out  of  itd  bfarm 
peplacu  it  with  tlie  ouils  reversed,  bo  that  the  telosoopc  is  u] 
down  ;  if  the  cros.s-wires  bow  coincide  in  azimuth  with  th« 
object,  tho  lino  i.*f  cullimatiou  is  perpendicular  to  the  In 
axis  ;  if  nnt,  ont>-hiilf  of  the  deviation  is  to  be  correuted  by 
the  crv^s-s-wiifs  by  rufAns  of  tho  hoiiEontal  adjusting-sere' 
diaphraj^n.and  the  other  half  by  the  tangent-screw  of  the  hori 
circle,  lioverse  the  horizontal  axis  again,  and  repeat  the  o 
till  the  adjustment  i.s  perfect. 

In  the  transit  theodolite  there  is  another  mode  of  rovcrsiag 
tulcscfipo  to  perform  this  adjustment,  which  consists  in  timi 
the*  ti'K'scope  over  on  iti  horizontal  axis,  and  then  turning  it 
through  exivctly  180°  in  azimuth. 

In  the  common  theodolite  the  line  of  oollimation  is  a<lju8t«<l 
turning  the  telc8co])e  half  round  in  it8  Y'd  about  its  own  axis, 
observing  whether  the  croes-wires  continue  to  coincide  with 
same  object.  Should  they  deviate,  half  the  deviation  is  to 
oorrected  by  the  diaphragm-screws,  and  the  other  half  by 
tangent-screw  of  the  horizontal  circle.  This  adjoatment  places 
line  of  oollimation  in  coincidence  with  the  axis  of  the  V'a 
adjustment  of  the  latter  lino  i)erpendicnlar  to  the  horizontal 
left  to  the  instrument  maker. 

(2.)  The  AdjuslnunU  oftKt  Ltwd  aUathed  to  the  Teleaeope 
be  effected,  in   tho  transit  theodolite,  by  methods  which 
explained  in  treating  of  the  adjustment  of  levelling  i: 
llkie  same  may  be  said  of  the  adjustment  in  a  vertical 
the  line  of  oollimation.     (See  Art  50.) 

In  the  common  theodolite,  baring  levelled  the  level  attached 
the  telescope  by  the  tangent-screw  of  the  vertical  circle,  lift  I 
teleeeope  out  of  the  T^s  and  set  it  down  again  tamed  end  for  c 
If  the  bubble  deviates  from  the  centre  of  the  level,  oorrtoct  half 
error  by  the  adjosttng-acrewa  which  connect  the  level  with 
telescope,  and  the  other  half  by  the  tangent-screw  of  the  vertii 
eirdo. 
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,)  To  KKsertoin  U»e  Index-error  of  the  Vertical  Circle,  set  the 
•1  axis  trulj  vertical  with  great  care,  ns  described  under  the 
of  t.  iFm-iranr  luljustments;  net  the  sjm-it-levcl  on  the  tele- 
vcl:  ol>8erve  the  reading  on  the  vertical  circle;  if 
t",  ;.., ,.  .a  no  error;  if  it  differs  from  0°,  the  difference  is  an 
ik  the  po<utiuu  of  the  index  of  the  vertical  circle,  to  be 
„i  r. ._  :..  ,^^jj  jmgjg  measured. 

■Hmettt  <y*  tlte  HorizoiUal  Axis  exaetlt/  perpendicular 
I.  Arj*  is  gouerally  left  to  the  iuHtrument  maker;  but 
■xloljtes  there  arc  adjusting-screws  for  the  8iip]iort8  of 
.tttl  axis.     In  thin  case  the  jterpeudiculai-ity  of  the  hori- 
r-  \frtioal  axis  may  be  tested  by  directing  the  telescope 
obji  Itittidc  is  considerable;  then  turning  it  round 

e.\  ■  in  azimuth,  and  turning  it  over  in  a  vertical 

BO  «8  t4j  kn^k  at  the  same  object.  If  the  crt..svwii-es  can 
be  brought  to  coincide  with  the  object,  the  adjuatment  is 
;  if  not,  half  the  deviation  is  to  be  corrected  by  the  tangi-ut- 
of  tlie  horizontal  circle,  and  the  remainder  by  the  adjusting- 
I  of  the  supp<»rts  ;  and  the  operation  iit  to  be  repeated  till  the 
usliiic'iif  ifi  fiTund  to  be  correct 

i-nt  rany  also  be  tested  by  observdng  whether,  when 
i«  '■Ifim{>eil  in  azimuth,  the  cross-wires  traverse  an 
ui  iis  reflected  from  a  level  eurfaco  of  fluid. 

,  LlwrlSAHtal  AuglM  witti  lli«  Tbc«4olllc. — TumOaSllTO 

lojection  of  the  angle  subtended  :it  a  given  station 
lunciion  of  two  objects  B  and  C, — in  other  woiyIs,  the 
of  azimuth  of  the  two  objects, — set  up  the  theodolite  at 
•Httioa,  and  make  the  temporary  adjustments  as  described  in 
pvoedag  Article.     The  outer  vertical  axis  lieiug  clumi)eil,  and 
wmer-plate  and  vertical  circle  A  undamped,  dirt^ct  the  tole- 
tnwanls  one  of  the  objects  (as  B),  as  accurately  as  j.>ossible 
id  ;  clamp  the  vernier-plate,  and  by  its  tangent-screw 
croa»-wire9    to   cover   the   object  exactly.     Read   the 
tiiinutea,  and  seconds  indicated  by  one  veraier,  and  the 
trs  and  seoonds  indicated  by  the  other,  and  note  them  down, 
an  arc  indicated,  by  setting  down  the  entire  degrees  as 
first  vernier,  and  the  mean  between  the  additional  ai-cs 
i  ind  seconds  u&  reatl  by  the  two  verniers, 

j.  tl»e  veniier-plute,  direct  the  telescope  towards  the  other 
(O),  and  proceed  as  before,  taking  care  to  read  the  entire 
M  Oil  fill'  Siiuie  vernier. 

'    between  the  mean  arcs  read  off  when  the  line  of 
■ -'"d  tflwards  B  and  O  respectively,  is  the  required 
.or  the  horianital  angle  BAG. 
..   -  ^„yiing  the  inmates  and  Heconds  on  both  vermSWi . 
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and  taking  tbe  mean,  is  to  correct  the  effect  of 

might  arise  from  the  Tortical  axis  not  I 
coiicentno  with  the  graduated  limb 
zontal  circle.  In  fig.  31,  let  E  C  and  D* 
straight  lines  cutting  each  other  in  A,  ap 
in  the  centre  of  the  circle  B  C  D  E.  Th 
tricity  of  that  |K)int  produces  equal  and 
deviiitions  iu  the  arcs  B  0  and  D  £2  ft 
arc  which  would  Kubten<l  an  angle  equal  to  6  A  C  at  til 
of  the  circle  ;  so  that  the  mean  of  those  arcs  is  exactly ' 
the  arc  whicli  correctly  measurca  the  angle  B  A  C,  ho' 
soever  the  eccentricity  may  be. 

The  same  object  is  attained  in  Colonel  Everest's  theod 
taking  the  mean  of  the  arcs  read  off  by  the  three  equidiat 
niers,  which  oi-e  used  iu  order  to  give  hetter  security  agaioi 
in  graduation  than  two  verniers  give, 

in  the  transit  theodolite,  errors  arising  from  the  horizoii 
not  being  exactly  perpendicular  to  the  vertical  axis  may  b 
natod  by  turning  the  telescope  over  about  the  horizontal  a 
half  round  about  the  vertical  axis,  repeating  the  measi 
of  the  angle  in  this  new  position,  and  taking  the  meai 
results. 

Wli(>n  a  series  of  horizontal  angles  has  been  measiir 
station  between  a  series  of  objects,  returning  at  last  to  tb 
with  which  tlio  oljsenatioas  cnmmenced,  the  accuracy  of  tl 
vations  may  be  tested  by  adding  the  angles  together  ;  whi 
sum  ought  to  he  exactly  3G0".  Should  it  diflt-r  by  a  small  i 
360",  thu  most  probable  values  of  the  sevonil  angles  will  \ 
by  dividing  the  total  error  by  the  number  of  errors  to  1 
correction,  which  is  to  be  added  to  or  subtracted  from  eauL 
according  ns  their  sum  is  too  small  or  too  large. 

When  very  great  accuracy  is  required  in  measuring  a  he 
angle,  the  effect  of  errors  of  gniduution  may  be  diuiiiiisheti 
required  extent  by  the  process    called   Repetition, 
follows  : — 

Clamp  the  verm«r-plat«,  and  read  the  yemiers. 
Unclamp  the  vertical  axia ;  direct  the  telescope    towa 
clamp  the  vertical  axis,  and  direct  the  line  of  collimation 
towards  B  by  the  tanffcnt-screw  of  the  vertical  axis, 

tJnclamp  the   veniier-pUite ;  direct  the   telescope   tows 
"'amp  the  veniier-jylate,  and  direct  the  line  of  wMliraatiott 
varda  C  by  the  tangent-Hcrew  of  the  ixrnier-ptati. 
Jnclamp  the  vertiod  tuu-g,  dkc,  (as  before). 

'epeat  the  whole  opeiution  as  many  times  as  it  is , 

the  eiTOTs  of  grailuatiou,  oVjaevNuvii  aS.'wvv^'a,  v»  ^ 


^ddj 
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rioUimatioa  towards  B  by  turning  the  verticail  axis,  anrl 
C  by  turning  the  vemier-plate.  Finally,  the  line  of  col- 
being  f»ointed  towards  C,  read  the  vemiera,  remembering 
ton  3t>U^  for  each  complete  revolution  of  the  veruier-plute 
horizon  Uil  circle. 

fci^niw  between  the  arcs  read  at  the  beginning  and  at  the 

will  be  equal  to  the  arc  subtended  by  the  angle 

by  the  number  o{  refxlUiojis ;  and  being  divided 

?r  will  give  the  required  angle.     The  multiplied  aro 

Tected  by  only  one  error  of  gnuluation,  which  wUl  be 

tinding  the  required  arc ;  so  that  the  en-or  in  the  final 

be  equal  to  the  original  error  divided  by  the  number  of 

diminishes  the  effect  of  errors  of  observation  some- 
it  not  in  tlie  same  proportion  with  errors  of  gi-aduation; 
observer  tends  in  genenil  to  make  errors  in  the  same 
Kt  each  observation;   and  such  errors  accumulate   by 

•las  ■nvtmmeau   are  used  chiefly  in  navigntion  and 
rtvj-ing  ;  but  as  they  are  occttsionally  used  in  laud  sur- 

li  general  descriptiou  of  their  construction  and  action 
Pen  here. 

jciple  upon  which  reflecting  instruments  act  is  tliis : — that 
re  two  pbno  mirrors  whose  reflecting  sui-fiicea  make  u 
Je  with  each  other,  and  a  my  of  light,  iu  a  plane  fK-qK-n- 
■  the  planes  of  both 
( retlectod  from  both 
ijy  its  direction  after 
Hi  reflection  makes 
iginal  dij*ectinii  an 
:li  is  double  of  the 
ie  by  the  mirrors 

nth(T. 

I    of    this 

ical  bqnaro 

ij  been  described 

page  21. 

(fig.  32)  is  of 

ctorofacircle,  _.       , 

sometimes  rather  *' 

iguLtr  extent     A  B  is  the  graduated  limb,  on  which  the 

of  oue-Iialf  of  the  extent  of  those  on  a  nou-reflecting 

It ;  so  that  for  example,  an  exact  sextant  is  di\'idod  into 

inst^jwl  of  60',     C  O  is  the  index,  having  a  vernier, 

vpe  M  far  reading  the  divisions.     At  the  back  oi"  tlftft^ 
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iiutniment  is  a  clamp-Rcrew,  not  shown,  for  holding  the  indei 
any  required  iX)8ition,  and  ut  D  is  a  tangeutrscrew  for  gil 
it  a  slow  motion  to  co[n[iluto  its  adjuattncut.  The  two  vain 
have  their  planes  at  riglit  angles  to  the  plane  of  the  in9t.nira4 
one  of  them,  called  the  "  ind(a-gla»a"  C,  is  carried  by  tlje  indo] 
its  cciiti-e  of  motion  ;  the  other,  called  the  " Iwrizmv-glntu"  24 
carried  by  the  frame  of  the  sector;  half  of  it  i^  ailvereil  audi 
remainder  tmsUvercd.  The  uiisilvered  half  is  the  further  from 
fiice  of  the  instrument.  Both  mirrors  should  be  ma<lo  of  sts 
plato  glass,  with  it8  surfacee  exactly  })lnne  and  jmi-allel. 

T  is  a  telescope  directed  towards  the  horizon  glass.     It  is  can 
by  a  ring  K,  and  ca|»able  of  adjustment  to  a  gi-«ater  or  less  liistii] 
from  the  plane  of  the  instrumout ;  nnd  the  object  of  that  adjuHttni 
is,  to  vary  the  profK>rtiona  of  the  light  rcioeived  from  the  silTei 
part  and  through  the  unsilvered  pait  of  the  horizon-gli>^'^  '">  »» 
render  the  images  of  two  luminous  objects  seen  dit'  ij 

reflection  equally  bright,  although  the  objects  themtjc...  .  ....*,  J 

unecjually  bright.     That  e<[ualizntian  of  brightness  is  favonntliii 
accumcy  in  ubserving  angles. 

E  and  F  are  acts  of  darkening  glasscH,  of  varioua  coloun  i 
shades,  which  are  used  when  required,  to  moderate  the  light  An 
very  bright  objects,  such  as  the  snn. 

H  is  the  handle  by  which  the  instmment  is  held. 

Sextants  fur  nautical  purposes  usually  have  the  graduated  111 
of  from  six  to  eight  inches  radius,  the  graduated  limb  being  a 
div-ideii  by  the  vernier  to  20'  in  the  smaller  sizes,  and  lU"  inl 
larger.  The  observer  can  in  each  case  read  to  one-half  of  111 
«rc8  by  estimation. 

The  nautical  sextant  is  seldom  used  for  land  surveying,  ', 
that  purpose  tlie  box-sextant  is  employed,  and  for  triangles  of  SB 
extent  only,  not  exceeding  about  a  mile  in  length  of  >ide.  1 
box-sextant  is  a  sextant  so  small  a.s  to  be  entirely  contaitu-d  wiv 
a  cylindrical  brass  box  of  aljout  three  inches  in  diameter  and  t 
inches  in  dojjth.  It  is  gradiuited  to  half-degrees,  and  subdivu 
hy  the  vernier  to  minut<is,  and  by  estimation  to  half-minutea. 
is  UHJially  fiimished  with  a  small  telescoiie,  which,  however,  i^ 
seldom  necessary  to  employ,  a  [)lain  sight-hole  being  used  inatei 
Tlie  index  is  moved  by  a  pinion  and  toothed  sector. 

The  box-sextant  has  sometimes  a  contrivanoe  added  for  enahl 
it  to  measure  angles  greAter  tlian  120'  Tliat  contrivance  depti 
on  the  principle,  Uuit  if  two  reflected  raya  of  lujlit  jtrocml  in  tA«M 
direction  from  two  mirrors  which  make  an  atujfe  toith  $aeh  oUiar,  I 
directions  of  the  raya  hefrtre  reflection  make  double  that  angU  uf 
tach  otimr;  nnd  it  consiHts  of  a  small  mu'ror  below  the  iuilcx-gUf 
£xed  iu  such  a  position  that  when  \.\ie  vu^lcx.  Sh  a!^.  \Xva  xsvaxt  wil 
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f)'u{K)n  wliatifl  allied  the  "  supplementary  arc,"  tlioso  two 
I  uv  at  right  angles  to  eacli  other ;  and  the  olijecta  whose 
01  wjcn  in  them  apf)ear  to  coincide  in  direction,  lie  in  fact 
Bittncally  opposite  direotioua. 

Ugliton's  ReUeeUmu  Circle  i^  an  instrument  having  the  mirrors 
(leitcoiio  of  a  sextant,  togetlier  with  a  completely   circular 
'  uiree  indices  radiating  from  its  centre  at  angles  of  1 20". 
ving  each  angle  with   the  instrument  in  two  positions, 
angle  observed  upon  the  three  verniers,  and  taking 
Wan  of  the  six  results,  some  of  the  errors  of  a  sextant  are 
■led,  uTid  others  diminisheil. 
^W  CairvmU  inaimiiKBt,  as  improved  by  Professor  Piazzi  Smyth, 
•  »«irt  of  reflecting  circle,  in  which  a  spirit-level  with  u  very  small 
Ve  ii  M  placed  that  by  means  of  a  lens  and  a  totally  reflecting 
I  (ui  image  of  the  bubble  is  formed  at  the  focus  of  the  telescope, 
lie  coincidence  of  the  centre  of  that  image  with  the  cross-wires 
iwhen  the  line  of  collimation  is  truly  horizontal. 
^00  A4jBalaieau  of  the  BrxlaMt  are  ■•  f«llowBs-^ 

To  place  the  index-glass  exactly  jxirpendicular  to  the  plane 
instninicnt  This  adjustment  is  made  by  the  maker ;  but 
rer  may  test  it  by  setting  the  index  to  about  60°,  and 
at  the  image  of  the  limb  of  the  insti-ument  as  reflected  in 
^  index-glass  ;  when  the  real  limb  and  the  image  ought  to  seem 
f'vxo,  one  continuous  arc, 

(>)  To  place  the  horizon-glass  exactly  perpendicular  to  the  plane 

tile  instrument.     This  adjustment  is  tested   by  clamping  the 

Na  near  to  0*;  looking  at  some  •well-defined  far  distant  object, 

^^  turning  the  tangent-screw  of  the  index  till  the  object  as  seen 

and  its  reflected  image  are  made  to  seem  to  coincide,  if 

If  the   horizon-glass  is  coirectly  adjusted,   it  will   be 

to  make  the  apparent  coincidence  exactly ;  if  not,  the  glass 

loorrocted  by  means  of  adjusting  screws  Mrith  wliich  it  is  fitted. 

^To  luoertaia  the  "  i)idex-error"  the  angle  marked  by  the 

.  is  to  be  read  off  -when  the  above-mentioned  coincidence  has 

le.     If  there  is  no  index-error,  the  index  will  mark  exactly 

tlfiviatioD  from  tiiis  is  to  bo  noted  down  as  the  index-error 

lent,  and  allowed  for  in  all  future  angular  measure- 

le  purpose  of  measui-ing  the  index-error  when  it  is 

ittt  is — when  the  correction  for  it  is  to  be  added),  the 

JUS  of  the  limb  are  carried  a  short  distance  back  from  0°. 

{  this  (^lait  of  the  limb  (called  the  "arc  of  excess"),  the 

.if  t)if  vernier  are  to  be  reckoned  the  reverse  way. 

lelism  of  the  line  of  collimation  of  the  telescope  to 

. .       J  instrument  ia  tested  by  placing  the  index  so  as  to 

ibe  ftppareut  coincidcnco  o£  two  distinct  objects  whose 
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directions  make  an  angle  of  90*,  or  thereabout*,  and  olx 
whether  a  slight  motion  of  the  plane  of  the  sextant  about  an 
traversing  the  object  seen  by  rclicction  disturbs  the  ap{Mrent  \ 
cidence,  which  it  should  not  do  if  the  adjustment  is  correct 

38,    Vm>  of  ihc  tlrxtant  in  Sorreylns. — To  measure  a  h<': 

nearly  horizontal  angle  with  the  sextant,  hold  the  instrun. 
the  plane  of  its  I'aoe  shall  pass  tlirough  the  two  objects  auht 
the  angle :  look  through  the  telescope  or  sight-hole  at  the 
which  is  furthest  to  the  left,  so  as  to  see  it  through  the  una 
part  of  the  horizon-glass ;  raove  the  index  by  hand  until  the  : 
image  of  the  right-hand  object  is  seen  in  the  silvered  part 
horizon-glass ;  clamp  the  index,  and  move  it  slowly  by  thr-  tx 
screw  till  that  image  apparently  coincides  with  the  1 
(In  the  box-sextant,  the  entire  motion  of  the  index  i 
turning  the  pinion.)  Then  road  the  anfjlc  by  means  of  the  ini 
and  vernier,  and  add  or  subtract  the  index-error  accnuljnjj  «d  il  I 
behind  or  in  advance  of  0°. 

In  fig.  33,  P  S'  represents  the  direction  of  the  lefl'ban<I  ot 
P  S  that  of  the  right-hand  object.     When  lie  image  of  tho  1« 
appears  to  coincide  with  the  former,  the  rays  of  light  cotuiugj 
the  right-hand  object  are  reflected  from  the  mirror  C  to  the  mir  ' 
and  thence  to  the  eye  in  the  same  direction  with  those  wbich^ 
directly  from  the  lefik-hand  object;  and  according  to  the 
stated  at  the  beginning  of  the  last  article,  the  angle  nmdo 
directions  of  the  objects  S,  P,  8',  is  double  of  that  nmde  by  the  [ 
of  the  mirrors.     When  the  mirrors  are  parallel  to  each  oth0 
index  points  to  0*  (or  deviates  from  that  point  by  tho  iitdex^ 
only);  and  the  divisions  marked  as  degrees  on  the  litub  are 
the  length  of  actual  degrees;  ao  that  the  angle  read  oil' on 
(index-eiTor  being  allowed  for),  is  the  angle  between  the  dir 
of  the  objects.     If  there  is  much  diflerence  in  the  di&tiuct 
the  objects,  the  less  tlistiuct  object  should  be  looked  at  di 
and  should  it  lie  to  the  right  of  the  other,  tho  face  of  the 
must  be  tume<l  downwanls. 

In  order  that  tlic  angle  measured  may  be  a  horizontal  angl«, 
two  objects  and  the  observer's  eye  must  bo  at  the  same  levisl. 
this  is  not  the  c-we,  thix'e  methods  may  lio  followed,     Thdl 
accumte  is,  to  choose  by  tJuj  eye  two  objects  in  tlie  same 
planes  with  the  objects  whose  relative  azimuth  is  to  be  foa 
88  nearly  as  possihle  on  a  level  with  the  observer's  eye, 
measure  the  angle  between  these.     To  attain  greater  acciirae 
vertical  poles  ai-e  to  be  i-anged  and  adjusted  by  the  pltinib-E 
Ml."  iliivt-tions  of  the  two  objects,  and  the  angle  between j 
1  with  the  plane  of  the  sextant  horizontul.      In  ai 
i  n  t  for  the  details  of  a  survey,  one  or  other  of  these  : 
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fiufficiently  accurate,  if   the  ground  is  not  very 

lie  method  is  to  meaauro  the  angle  between  tho 

Ives,  and  to  take  also  tho  angle  of  altitude  or  dq)re»- 
ae  taking  of  such  uogles  will  bo  I'lU'iher  considered 
:  levelling.)  The  zenilft  dietance  of  each  object  ia 
cting  it9  altitude  from,  or  adding  its  depression 

S3,  let  O  represent  the  observer  s  station ;  O  E,  O  C,  the 

of  tho  objects;  B  O  C  the  angle  between 
D  E  a  horizontal  plane;  DOB  and  EGO 
ides  of  tlie  objects;  0  Aa  vertical  line,  and 
vpherical  surface. 

1  the  spherical  triangle  ABC,  the  three  sides  uli 
vit,  A  B  and  AC,  the  zenith  distances,  and 
ngle  between  the  objects;  and  the  Lcirizontal 
of  that  angle,  being  equal  to  the  angle  A, 
Bziputed  bv  the  proper  formula.    (See  Article  33,  Division 
■      66,  p.'50.) 

Out  C'ampau  in  Sm^eriag. — It  has  already  been  meo- 
the  theodolite  is  usually  provided  with  a  compass, 
iiie  centre  of  tho  veruier-plate.  This  compass  consists  of 
e,  hnng  by  an  agate  cap  on  a  point  in  the  centre  of 
and  of  a  flat  silver  ring  fixed  round  the  inside  of  the 
(OX,  and  divided  into  degrees  and  half-d^rees,  the  num- 
'  which  usually  commences  at  a  point  eacactly  under  the 
and  proceeding  towards  the  left,  goes  completely  round 
,  ending  at  the  point  where  it  started,  which  is  marked 
lere  is  a  small  catch,  by  pressing  which  the  magnetic 
lifted  off  its  bearing  when  not  in  use,  to  avoid  unnecessaty 
d  by  which  also  its  vibrations  are  gi-adually  checked  when 
Ifction  is  made.  To  find  the  magnetic  bearing  of  any  object 
[iven  station,  tho  line  of  collimation  of  the  telescope  is 
it;  and  the  surveyor,  when  the  vibrations  of  the 
,  z«ads  the  angle  to  which  tho  north  end  of  the 
which  denotes  so  many  degrees  to  the  east  ofnorUi. 
to  the  cast  of  north  exceeds  90°,  it  is  to  be  observed 
north  means  east,  180°  east  of  north,  soulh^  and 
north,  u^t.  In  some  cases,  however,  the  ring  is 
i  iivnts,  the  points  in  a  line  dii-ectly  under  the 
i>  Larked  0°,  and  the  points  in  a  line  perpen- 
tiie  teleacope,  90°,  as  in  fig.  28,  p.  55;  and  then  the 
so  many  degrees  to  the  east  of  north,  west  of  north, 
r  wast  of  south,  aa  tho  case  may  be. 
moit  fnyuentljr  used  in  sorveying  is  the  Priwiuitia 
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Compass,  consisting  of  a  glass-covered  box  three  or  four  inc 
diameter,  in  which  is  hung  a  magnetic  needle:  the  noedlti 
a  light  gi-aduated  silver  ring  fixed  iij>on  it,  and  the  box  bal 
jfixed  to  its  rim.  The  farther  sight,  when  in  use,  stands  v\ir' 
a  height  equal  to  the  diameter  of  the  box,  and  cont"!"- 
Klit  with  a  vertical  wire  in  the  middle.  The  near  - 
small  slit  to  look  at  the  object  through,  below  whici.  . 
reflecting  magnifying  prism,  so  placed  as  to  show  to  the  eye  < 
observer  a  reflected  and  magnified  image  of  that  part  of  the  ( 
the  graduated  ring  which  i*  directly  below  the  line  of  sigbtj 
directs  the  sight  towardis  an  object,  and  at  the  same  tinia,  and 
the  same  eye,  reads  its  bearing  on  the  ring.  In  urdcr  to  { 
bearings  in  degrees  to  the  east  of  north,  the  numbenng 
degrees  on  the  ring  begins  at  the  south  end  of  the  needle, 
towards  Uie  right,  and  goes  completely  i-oiind  to  360° 

The  "  Cireum/erenter"  is  a  compass  with  sight«  moaDt«dl 
stand,  chiefly  used  in  surveys  of  mines. 

The  horizontal  angle  subtended  by  two  objects  may  be  fbs 
a  rough  approximation  by  taking  the  difference  of  their 
bearings. 

The  compass  cannot  be  read  in  surveying  to  less  than  a  i 
of  a  degree;  and  considering  the  continual  changea  which  gi>| 
the  eartli'a  magnetism,  and  the  cft'ects  of  local  attractiou,j 
thought  doubtful  by  the  best  authorities  whether  magnetic  1 
can  be  relied  upon  even  to  half  a  degree.     Hence,  although] 
a  convenient  instrument  for  filling  up  small  details, 
rough  sui-veys,  it  is  not  to  be  used  where  accuracy  is  reqi 

It  is  usual  to  mark  the  magnetic  north  upon  a  plan,  anJ 
easily  be  done  by  taking  the  magnetic  bearing  of  one  of  the 
8tation-lin«.  The  true  north  ought  to  be  shown  also, 
means  of  finding  its  direction  will  be  explained  in  Article  4% 

40.  Gr«at  TriKoneiaerrJc«l  Sarrcr. — The  general  nntui-e  of  j 
vey  of  this  class  has  already  been  stated  in  Ai-ticle  12,  Divis 
p.  13,  viz. : — measuring  one  base-line  with  extreme  nccurao 
finding  the  lengths  of  all  the  other  sides  of  triangles  by  calcii 
from  their  angles.     A  few  sides  of  triangles  may  ha  vnt 
parts  of  the  survey  far  distant  from  the  original  base,  in  or 
test  the  accuracy  of  the  whole  work :  these  are  called 
verificatum. 

The  trigonometrical  calculations  required  in  a  aur\-py  of  tl 

consist   almost  entirely  in   computing  the   remaining  sid« 

triangle  when  one  side  and  two  of  its  angles  are  given :  astoi 

^mput&tion,  if  the  triangle  is  sensibly  plane,    see    Artie 

iviaion  IV.,  equation  35,  p,  43,  and  if  it  ia  sensibly  spbc 

"  Ic  33,  Division  VI.,  pp.  51  to  53, 
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Ing  points  require  some  further  explanation : — 
itioned  Triamjlea,  that  is,  triunglea  with  any  angle 
30°  or  more  than  150°,  are  to  be  avoided  in  surveying 
well  aa  in  sxirveying  by  the  chain,  and  for  the  same 
Article  2(5,  p.  24.) 
Angles. — The  whole  three  angles  of  each  great 
be  measured,  in  order  that  the  accuracy  of  the 
may  be  checked  by  addiug  them  together,  when  they 
ount  to  lsO°  (  +  the  spherical  excess,  if  sensible^  see 
is.  Division  V.,  equation  58,  p.  48),  The  treatment  of 
bk  errors  has  been  explained  in  Article  33^  Division  VI., 
p.  53. 

iracy  of  the  measurement  of  the  internal  angles  of  any 
the  earth's  surface  may  bo  checked  by  adding  them 
►hen,  if  n  denotes  the  number  of  the  sides  of  the  polygon, 
^ght  to  amount  to 

5  180"  -f  the  spherical  excess,  calculated  from  the 
area  of  the  figure  as  for  a  tiiangle. 

^ng  Sides. — In  a  complete  network  of  triangles,  it  will 
found  that  many  of  the  sides  are  ao  placed  that  their 
be  calculated  independently  from  different  sets  of  data, 
the  means  of  checking  the  accuracy  of  the  measurements 
tions. 

Umging  tJte  Base. — As  it  is  necessary  that  the  base  should 
1  on  a  level  piece  of  ground,  it  is  in  general  of  limited 
much  shorter  than  the  sides  of  the  great  triangles ;  and 
>,  are  seldom  in  commanding  positions  suited  for  stations, 
line  is  "prolonged,"  by  ranging  straight  lines  in  oon- 
t  it,  at  one  or  both  ends,  until  a 
Rigth  has  been  obtained  and  suit- 
ions  reached,   the   length   of  such 
nes  being  computed  from  angular 
its,  as  follows: — In  fig.   34,  let 
measured  base,  and  B  E  a  line 
continiuition   of   it.      Choose   a 
n  C,  so  that  ABC  and  B  C  E 
conditioned  triangles;  measure 
gles  of  each  of  these  triangles; 
les  A  C  B,  C  A  B,  and  the  base 
0  aide  B  C ;  and  fi-om  thixt 

es  C  E  B,  B  C  E,  compute  the  additional  length 
rtiher  lateral  station  D,  at  the  opposite  side  of  the  base, 


Fig.  31. 


in  the  same  manner,  the  triangles  A  B  D,  D  B  Bj 
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compuU)  B  E  from  independent  data,  so  as  to  check  tbo  pi 
detonnination  of  its  length. 

E  H  r«pit:sent<»  a  farther  prolongation  of  the  base  line,  and  P 
G  tho  lateral  stationfi  which  form  the  triangles  by  meana  of  wi 
its  length  is  computed.      At  t<«ch  of  thoso  stations   angles 
meaaurod  between  all  the  previously  determined  points.  A,  B, 
order  tliat  there  may  be  as  many  ways  of  verifpng  the  cal^ 
•I  possible.     In  the  same  manner  the  hue  may  be  prolonged 
■way  as  far  as  may  be  deemed  necessary. 

V.  ErUargimj  Trianglm. — A  mode  of  connecting  a  com 
abort  base  with  the  sides  of  large  triangles,  without  prolonj 
or  introducing  ill-conditioned  triangles,  is  as  follows: — lu 

let  A  B  represent  the  Vtase.  Cboose 
stations  C  and  D,  at  opjiosite  sides  of 
bone,  and  as  far  fi-om  each  other  as  is 
sistent  with  making  A  C  B  and 
well-conditioned  triangles.  From 
those  four  points  measure  tho  an^ 
tended  by  the  other  three.  Then  calc 
the  sides  A  C,  C  B,  B  D,  D  A;  wheu  thei 
wfll  be  data  for  compntiug  the  length  of  C  D  in  a  variety  of  diflerei 
ways,  which  will  chock  each  other.  Taking  C  D  as  a  new  baa 
choose  a  pair  of  stations  £  and  F  still  failher  asunder,  and  proce4 
as  before  to  dcterminG  the  distance  E  F,  and  so  on  until  a  distaiu 
bas  been  detcnniucd  sufficiently  lung  to  serve  fljs  the  side  of  a  {■ 
of  triangles  in  the  great  triaugulation. 

41.  csreat  Trmrminc  Hurrer. — The  general  nature  of  a  aarwy 
this  class,  as  usually  required  for  a  long  Line  of  communicatioii,  l 
been  explained  in  Article  12,  pp.  12,  13,  and  Ulnstrated  by  fignrt 
p.  1 2.  Some  further  explanation  will  now  be  given  on  tlie  folio' 
mg  jjoints: — 

L  Checking  Distance  and  Angles. — The  lateral  object     ';  i| 

F,  O,  H,  (kc,  in  fig.  3,  are  generally  iuuccesslble  or  nnit  si 

stations  for  tho  thcodolito;  so  that  tho  only  angles  mca<nna  la 
tho  main  trianguktion  are  those  at  the  stations  A,  B,  C,  Jfc 
errors  were  inijwssible,  the  measurement  of  the  base  lines  A 1 
B  C,  CD,  ike,  and  of  the  angles  between  them,  ABO,  B  C  D,  4a 
would  be  BufEcient  to  determine  their  lengths  and  dii'octions.  Tl 
use  of  the  lateral  objccta  is  to  check  the  results  of  those  measuif 
ineuts,  in  the  following  manner: — 

In  tho  triangle  A  B  F,  the  side  A  B,  and  the  angles  at  A  tani '. 
having  been  measured,  calculate  the  side  B  F,     In  the  triang^ 
B  F  C,  the  side  B  F  having  been  calculated,  and  the  angl^  at 
»ad  C  haring  been  measured,  calculata  tbei  «ldfi  B  C ;  the  reaqi 
~  nag  comfrand  with  the  length  o£  tiha  eaxoa  YmA  «a  ^snuBaa^^ 
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(tonuid,  will  cheek  the  aconi&cy  of  the  "work  so  far.  Tho  process 
lapanBOn  is  precisely  similar  for  isach  aucceasive  Tn^in  station- 
of  tlM  Sanrey. 

.  Gap*  in  Ui^e  Main  Station-linea,  such  as  have  already  been 
ivd  to  iu  Article  27,  are  in  most  cases  to  be  measured  by  the 
p>  •IreiMly  described  in  Article  40,  Di^asion  IV,  p.  69,  and 
tnt«d  by  fig.  34,  for  prolonging  a  base-line.      In  that  figure 
may  bo  held  to  represent  a  measiu«d  portion  of  tho  station- 
aui]  7?  E,  or  B  H,  the  gap  or  inaccessible  distance.     The  sides 
il  triangles  formed  in  order  to  dotcruiine  that  distance 
_; —    .'  used  as  station-lines  for  the  details  of  the  survey. 
fc,  36  shows  how  a  distance  C  D  between  two  objects  is  to  be 
fSortd,   when   both   enda   of  it   are   inaccessible   to   chaining. 
jsnm  a  base  A  B,  having  its  ends  so  situated 
•  tile  six   lines    connecting  them   and  the 
ets  C  and  D  with  each  other  may  form  well- 
litiooed  triangles,  and  at  the  stations  A  and 
MHora  the  angles  CAD,  DAB,   ABC, 
D.     In   the  triangle   CAB,  compute  the 
«  A  C,  BC;  in  the  triftngle  DAB,  compute 
uides  AD,    B  D.      Then,   in   the   triangle         ^  pjg  35 
D.  in  -which  the  sides  A  C  and  A  D,  and 
incloJed  angle  at  A  are  given,  compute  the  third  side  C  D,  aa 
m  in  Article  33,  Division  IV.,  Problem  2,  equations  37,  38  j 
Bpapotc  C  D  by  the  same  process  as  the  third  aide  of  the 
^b  O  B  D;  the  two  results  ^l  check  each  other. 
IL  lading  the  Meridiao. — For  the  purpose  of  laying  down  the 
Btkm  of  the  true  north  on  the  plan  of  an  engineering  sui-vey, 
ingle  which  one  of  the  principal  station-lines  makes  with  the     ■ 
idiau  must  be  determined,  though  not  with  the  same  accuracy     V 
is  pequired  for  astronomical  and  geographical  purposes.     The 
■arW.,,  uf^  some  of  the  methods: — 

Two  greatest  Elongations  of  a  Ciretimpofar  Star. — This, 
(.1  .v  ..courate  method,  consists  in  observing  the  greatest  and 
;  horizontal  angles  made  by  a  star  near  the  polo  with  a  station- 
^|4lie  survey,  when  the  star  is  at  its  greatest  distances  east 
of  the  pole,  and  taking  the  mean  of  those  angles,  which 
le  azimuth  of  the  station-line,  or  horizontal  angle  which  it 
rith  the  meridian.  In  the  northern  hemisphere  the  Pole- 
tJme  Minoris,  is  the  best  for  this  purpose. 
ins  method,  however,  is  seldom  practicable  with  an  ordinatj 
doUte,  as  in  general,  one  of  the  observations  must  be  made  by 

1  By  equal  ailUuda  of  a  Star. — The  theodolite  being  at  a 
>ia  tiie  gtatiaa-liiw  chosen,  meanuro  the  horizuutol  auglo  from 
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the  station-line  to  any  star  which  is  not  near  the  highest  or  lo'd 
point  of  ita  apparent  daily  course,  and  take  also  the  altitude  oft 
star.  Leave  the  vertical  circle  clamped,  and  let  the  iDstran] 
remain  perfectly  undisturbed  until  the  star  is  approaching  theei 
altitude  at  tbe  other  side  of  ita  apparent  circular  course.  Tl 
without  moving  the  vertical  circle,  dirt^ct  the  telescope  towards 
star,  ctiinip  the  vernicr-platc,  and  hy  the  aid  of  ita  tangent-see 
follow  the  star  in  azimuth  with  the  cross  wires  until  it  arrj 
exactly  at  its  former  altitude,  as  is  shown  by  ita  iujage  coincidj 
with  the  cross  wires;  then  measure  the  horizontal  angle  betw 
the  new  direction  of  the  star  and  the  station-line :  the  mean  betwi 
the  two  horizontal  angles  will  be  the  true  azimuth  of  the  ^ti 
line.*  ^^ 

In  both  the  preceding  processes  it  is  to  be  understoo<l  that 
Tnean  of  two  horizontal  anglta  means  their  lutlf-sum  when  they 
at  the  same  side  of  the  statiou-line,  but  their  ludj-differtnos  vl 
thej  are  at  opposite  sides. 

Tlio  second  method  may  be  applied  to  the  snn,  oljsening 
Kun's  west  limb  in  the  forenoon  and  east  Umb  in  the  afternoon, 
vice  verad ;  but  in  that  case  a  correction  is  required,  oM'ing  to  i 

IBun'a  change  of  declination.  When  the  sun's  declination  is  chai 
ing  towards  the  I  _  ft,  f  »  ^^^  approximate  direction  of  the  mi 
dtan,  as  found  by  the  method  jost  described,  is  too  far  to  ' 


N 
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The  correction  reqmred  is  given  by  the  formtihi,+ 

change  of  sun's  declination , ,  1 
q X  sec  •  latitude  X  oosec  -^  angular 

motion  of  sun  between  the  observations (I, 


IIX  Btf  One  grmUat  Elongation  of  a  Cirettmpolar  Star. — To 
this  method,  the  declination  of  the  star,  and  the  latitude 
place,  should  be  known.     Then 


sin  '  azimuth  of  star  at  greatest  elongation 
—  003  •  declination  -^  cos  •  latitude;  ., 


I 


I  and  this  azimuth,  being  added  to  or  subtracted  from  the  horizol 
angle  between  the  station-line  and  the  star,  when  at  its  grcal 
elongation  (according  as  the  station-line  lies  to  the  same  sidt 
: 


*  In  obMrving  at  ufgbt  with  Hie  tbeodolite,  it  is  neccaiaiy  to  throw,  by  mmu 
liini;i  and  •  gmiUl  mirror,  enougli  of  IlKbe  into  the  tube  to  make  the  croi»-wire$  vkj 

t  At  tbe  equiooxea,  therateofchBiige  of  tbe  sun's  declination  U  about  £9" 
sad  it  Toriea  nearly  u  the  co&lne  of  tbe  ka&'ft  t\gU\.  tannuiicA. 


Dt£9"M||| 


FDmnro  tbe  xerjdiak. 
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idian  villi  the  star,  or  to  the  opposite  side)  gives  the 
of  tlie  Btation-liii&* 
By  obtereing  the  AUitude  of  a  Star,  and  the  Horizontal 
\httween  it  atult/ie  Staticn-line, — The  altitude  being  corrected 
tion,  the  azimuth  of  the  star  is  computed  by  taking  the 
listuac«,  or  complement  of  that  altitude,  the  polar  distancet 
r,  and  the  co-latitude  of  the  place,  us  the  thi-ee  aides  of 

ring  is  s  tablo  of  the  declinations  of  a  few  of  the  more  cooapicaoos 
tb*  l«t  of  January,  1805,  together  with  the  annutl  rale  at  which  those 
I XIV  chADgiog,  +  denoting  increase,  and  —  dimination: — 


Sub. 
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Nonit  DocUaallon. 


AvdroawdfP 28° 

Una  Hiootu  (Pol«-SUr), 88 

Arietiv S2 

Cet»H « 8 

Pind, ^ 49 

Ttari  (A]deb«ran), 1^ 

Atuiga  (Ci[«UaX ^^ 

Oriooii  (BMdgeiue), 7 

Gtadaonnii  (Castor),..,. 82 

Cult  Stinorti  (Procyon), 6 

Gcmtnomni  (Potloz) ^8 

Lemii  (RegnloiX ^^ 

Ur«  Hajoris, „ 62 

Jjim  Uajorik, 49 

Bootk  (ArctanuX 1!> 

Opiiiacbi, 12 

LTm(Ve8«). »« 

iqnila  (AltairX ^ 

Cre«4. 44 

CM-Aab), 14 


Seas. 


SOUTHERN  HEUISPHERK 
Soatfa  DeeUnatioa. 


N 


OriooU  (Blgd), 8" 

Coliunhie, 84 

AtgQj  (Caiwpina), 62 

Cttit  M^orit  (SiriiuX 10 

Ujim, 8 

ArgAi, 58 

Ctndii, 62 

Ttrginis  (Spica), 10 

Oatfanri, 60 

SeorpU  (Antarai), 26 

TriuffuU  AuitraUs,... 68 

ParoBia, 67 

OniU, 47 

Piida  AnitraJls  (Fomalhaat), ......  30 


f  The  poUf  disUoce  Is  the  comptcment  of  (be 
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Ife* 


I 
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^«  sphenoal  triangle ;  when  the  azimuth  of  the  star  will  be  thi 
igle  opposite  the  aide  representing  the  polar  distance.    (SeoArtidil 
~S3,  Division  Y.,  Problem  6,  p.  50.)     The  azimuth  of  tho  statioai 
line  is  then  to  be  found  as  in  Method  IIL 

V.  Approximate  Method  by  obaervm^  certak 
Stars. — It  is  remarked  by  Mr.  Butler  Wiiliatm^ 
that  a  great  circle  traversing  the   Pole-star  (i 
Ut8»  Minoris),  and  the  stiXT  Alioth  in  the  Grtai 
Bear  (<  XTrsse  Majom),  passes  veiy  near  the  pofe. 
Hence,  in  the  northern  hemisphere,  a  moridJAn- 
^*  line  may  be  fixed  approximately  by  •  " 
(♦     f      ^         "With  the  aid  of  a  plumb-line,  the  in^t 
jt  those  two  stars  appear  in  the  same  vertical  [lUuc, 

B  OS  shown  in  fig.  37.     The  Pole-star  is  marked  A. 

Fig.  37.  When  two  points  on  the  aarth's  surface  h*va 

the  same  latitude,  but  difibi-ent  longitudes,  the  horizontal  aagla 
made  by  their  meridians  with  each  other  is  found  by  tho  following 
equation ; 

sin  ^-  horizontal  angle  =  sin  -^  difference  of  long.  X  son  *  lat.  (3.) 

43.  PUiUHg  «Bd  Proi(*cUB«.— The  most  accurate  metifaod  of  laj' 
_  down  the  angles  of  great  triangles  on  paper  is  to  calculate  tha 
lengths  of  the  sides  of  the  triangles,  and  plot  them  with  be«in- 
compasses  like  chained  triangles  (Article  30,  p.  31). 

To  plot,  according  to  this  principle,  a  solitary  angle,  like  th»* 
|l>etweon  a  station-line  and  the  meridian,  a  circle  is  to  be  dra-wn, 
ith  as  large  a  radius  as  is  practicable,  round  the  station  where  Uu 
Qgle  is  to  be  laid  down.  Then  the  distance  between  the  point 
■where  the  two  lines  enclosing  the  angle  cut  that  circle  is  found  hf 
multijilying  the  raditis  by  the  chord  of  the  angle — that  is,  twice  tbi 
sine  of  hall'  the  angle. 

But  to  save  time  where  leas  accuracy  is  required,  especially  ii 

lying  down  secondary  triangles  and  details,  angles  are  laid  dowl 

tat  once,  or  "  protracted,"  by  the  aid  of  instruments  called  "  |ini 

jtractora  ;"  being  flat  graduated  circles  or  parts  of  circles,  w 

'laid  on  the  paper.     They  are  of  various  constructions  and 

degrees  of  accuracy. 

The  most  accurate  Circular  Protractor  has  a  round  piooe  of  pl«| 
iglass  in  its  centre,  through  which  the  paper  can  bo  seen. 
Itindcr  side  of  the  glass  touclies  the  paper,  and  has  the  centre  of 
fnulnated  circle  marked  on  it  by   a  fine   croas.     The   circlo 
livided  to  half-degrees,  and  subdivided  to  minutes  by  the  vemii 
on  its  index.     The  index  has  two  diametrically  oppoaitd   ai 
^ch  of  which  has  hinged  on  its  end  a  branch  carryiog  a 
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is  held  np  clear  of  the  paper  by  a  spring.     Wien  the  indnx 

turned  to  any  required  d^ree  and  minnte  on  the  circle, 

branches  are  pressed  down,  and  tbeir  prickers  mark  two 

on  the  paper  which  are  in  the  required  direction,  and  which 

ht  to  be  in  one  straight  Jine  traversing  the  centre  of  tbe 

is  oft*n  convenient  to  diuw,  by  the  aid  of  those  prickers, 

i  circlu  on  the  [taper,  through  the  centre  of  which  lines 

•ny  required  angle  can  be  druAvn,  and  the-ir  directions  trans- 

,  »o  as  to  pass  through  any  required  station  on  the  paper,  by 

'^rge  and  accurate  parallel  ruler. 

r<:-filar  Protractor  has  a  straight  side,  which  can  \iq 

iit-edge  fixed  to  the  table  or  dniwing-board  into 

(in.     Its  index  has  a  long  arm  projecting  beyond 

with  a  stniight  fiducial  edge,  wluch  is  used  to  rule  liui 

required  direction  through  any  station  on  the  plan. 

<i   TrnTorains  «m  a  Small  Scale  has  been  referred  to  in  Article 

12,  Diri£ion  (e),  p.  13,  as  a  means  of  surveying  long,    narrow, 

•fill  winding  objects  in  detail.     The  most  accurate  way  of  peribnu- 

favg  it  is  to  form  a  series  of  triangles  by  means  of  lateral  objects, 

■MAlnndy  described  in  that  article,  and  in  Article  41,  the  checking 

rf  tte  aocumcy   of  the  work  being  tested  by  plotting,   without 

lalcnUtioQ.     &tch  lateral  object  ia  traversed  h^  at  least  three  linci 

from  '■'^- •    t-':,  ■■"  in  tlie  sun'ey;  and  those  threo  or  more  lines 

'ill  r  in  one  point  on  the  paper,  if  the  statiou- 

iiim  iii-i  w<'«')i  liiM  MuiiMug  and  the  angles  at  the  stations  have  been 
QKTcctly  meosured  and  plotted. 

In  almosi  aU  mining  surveys,  and  in  some  above  ground,  it  is 
impoauble  to  take  suitable  angles  to  lateral  objects,  the  only  angles 
(■pable  of  being  measured  being  those  which  the  station-lines  make 
■jtb  fHi^h  nthfr.  In  such  cases  the  station-lines  should  bo  laid  out 
I  to  tbe  8tarting-ix)int,  and  form  a  "  closed  polygon." 
I  'i  measurement  of  the  angles  may  then  be  tested  by 

15  ilio  bura  of  all  the  "salient"  angles  of  that  polygon — that 
f  tbotte  which  jjroject  outwards — and  subtracting  froin  it  the 
of  the  "  re-entering  angles" — that  is,  of  those  which   proj 
The  result  ^which  is  the  aigebraiad  sum  of  the  angles 
)  ought  to  ue 

180*  X  -[uombar  of  salient  angles  —  2 


—  number  of  re-entering  angle8| ....  (1.) 

plotting  such  a  survey,  the  angle  made  by  each  station- 
one  fixed  direction  ought  to  bo  computed  (by  sucoeasiva 
-ir  sub'txuctious  of  the  angles  wliich  those   lines  nifike 
ther)  and  proti^mted  on  the  paper  by  drawing  a  lio'' 
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reprenent  that  fixed  direction,  placing  the  zero-pointa  of  ihe  pn> 
tractor  oa  that  line,  and  laying  off  the  directions  of  the  sevenl 
Btation-linea  aa  described  in  Article  43.  The  accuiacy  of  the  meat- 
urement  of  distances,  and  of  the  plotting  of  diatAnces  and  angle*,  ia 
tested  by  the  exactness  wth  which  the  end  of  the  last  statiou-lioe 
on  the  paper  coincides  -with  the  starting-point  of  the  first 

In  surveying  by  travir»ing  xi^'Uh  fM  compass  and  chain,  the  angles 
obaeiTed  at  each  station  are  the  directions  which  the  station-line* 
that  meet  at  it  make  with  a  fixed  or  nearly  fixed  direction,  vis, 
that  of  the  magnetic  meridian.  The  zero-line  on  the  paper,  there- 
fore, represents  that  meridian ;  and  the  angles  protracted  from  it 
are  simply  the  several  magnetic  bearings  of  the  station-lines.  Tra- 
versing with  the  compass  and  chain  is  accordingly  an  easy  Bud 
rapid  method  of  surveying;  but  as  explained  in  Article  39,  p.  67, 
its  want  of  accuracy  m^es  it  suitable  only  for  small  or  roogb 
Burveys. 

4d.    Ploiling  br  BeclBngnlnr  C»-ordlaalcB,  or  by  Nortfaiaga,  8««lh* 

!■(*•  EnaUng*,  and  We«iuig»,  Is  the  most  accurate  way  of  plotting  a 
traverse,   because   the  position    of  each   station  is  plotted  inde- 
pendently, and  not  affected  by  the  errors  committed  in  plotting 
previous  stations.     It  consists  in  assuming  twa 
fixed  lines  or  axes,  aa  O  X  and  O  Y,  fig.  3^, 
crossing  each  other  at  right  angles  at  a  fixed 
point  O,  computing  the  peqieudicular  distance) 
or  co-ordinates  of  each  station  from  thoea  two 
axes,  aud  plotting  the  position  of  each  statioo 
by  the  aid  of  a  straight-edged  scale  fixed  pui- 
allel  to  one  of  the  axes,  and  a  T-square  sliding 
along  it,  so  as  to  rule  lines  parallel  to  the  other  axis,  and  at  any 
given  diatiincc  from  it,  and  of  any  given  length.     When  the  direc- 
tion of  the  true  meridian  has  been  ascertained,  it  is  best  to  make 
one  of  the  axes  represent  itj  and  in  that  case  the  co-oi\Ji nates  par- 
allel to  one  axis  will  be  the  distances  of  the  stations  to  th*i  north  or 
south  of  the  fixed  point  or  **  origin"  O,  and  those  parallel  to  the 
other  axis  will  be  their  distances  to  the  east  or  west  of  the  same 
point;  whence  the  phrase,  "Northings,  Southings,  Eastings^  and 
Westings,"     If  tho  true  meridian  is  unknown,  any  fixed  direction 
will  answer  the  purpose,  and  may  be  called  "  the  Meridian  "  for  th« 
occasion,  and  one  of  its  ends  "  the  North."     The  calculationjs  to  ht 
performed  are  the  following : — In  the  figure,  let  O  Y  represent  "tlw 
Meridian,"  Y  being  towards  "the  North."     One  of  tho  stations  in 
the  survey  is  to  be  taken  as  tho  origin  O,     Let  A  be  the  next 
station,  and  O  A  ite  distance  from  O.     If  Y  0  A,  as  in  the  fignro, 
ia  an  acute  angle^  A  is  to  the  northward  of  O ;  if  an  obtuse  angle, 
nthward;  if  Y  O  A,  aa  in  the  figure,  lies  to  the  right  of 
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KOBTIUXCS,   SOUTHINGS,    EASTINGS,   AXD  WESTI2fG3. 

meridian,  A  is  to  the  eastward  of  O ;  if  to  the  left,  to  the  west- 
rJ ;  and  the  coKirdiuates  of  A  are  as  follows  {t  deuotiog  the 
Cle  y  O  A):— 

irlhiog  0«i'  =  a  A  (or  if  negative,  Southing).  =  O  A  •  cos  rf; )  /i  v 

t,  0<»  =  a' A(or  if  negative.  Westing),..  =0  A'sin  tf.  j" '   '^ 
mtne  manner  are  to  be  computed  the  co-ordinates  of  tha 
nl  (tation  B  rdatively  to  A ;  viz. : 

o'6'  =  ABoo8*';  o6  =  AB-8in*'j  (2.) 

the  angle  made  by  A  B  with  the  meridian) ;  also 
ites  of  C  relatively  to  B,  and  so  for  each  successive 
"In  the  figure,  it  will  be  observed  that  the  direction  of 
C  deriat«8  to  the  westward  of  north,  so  that  6  c  is  a  "  Westing," 
d  i*  U>  be  considered  as  negative.  The  results  of  these  calcuTa- 
08  tt*  to  be  entered  in  a  book,  in  four  columns — for  northings, 
Bliungs,  eastings,  and  westings  respectively.  Then  in  four  other 
baum  are  to  be  entered  the  total  nortliing  or  soutliing,  and  cast- 
tor  westing,  of  each  station  from  the  origin  or  tirst  station,  com- 
ied  by  adding  all  the  successive  northings  and  subti-acting  the 
Bthings,  made  in  traversing  to  the  station,  the  result  being  a 
rtluog  if  positive,  a  southing  if  negative;  and  by  treating  the 
idngs  and  westings  in  the  same  manner. 

Ke  calculationa  are  expressed  by  symbols  as  follows: — Let 
note  the  total  <  °     .  .  °  I  of  a  station,  and  ;+r  x  its  total 

""T**  j-  ;  L  the  length  of  any  given  station-line,  and  t  the 
gle  which  it  makes  with  the  meridian  from  the  north ;  observing 
\i  both  f  and  sin  t  are  -{  ^      (  according  as  that  angle  lies 

the  <  ^^  >  of  the  meridian,  and  that  cosines  of  obtuse  angles 

)  oegativck     Then 

f/  — 2  'L  cos  i;)  /Q  V 

i  =  2-LBin^7  ^^•> 

method  ia  chiefly  useful  in  surveying  mines,  but  may  also 
ied  with  advantage  to  some  surveys  above  ground,  such  as 
r  towns.  The  book  forms  a  record  of  the  position  of  each 
independently  of  the  plan  ;  and  it  may  be  made  more  cora- 
•le  by  the  addition  of  a  column  containing  the  elevations  of  the 
liiiD-.  iiUjve  a  datum  horizontal  suriace.     This  will  be  further 

undor  the  head  of  levelling. 
^^..^  f*iam«-Tmbic  IS  a  drawing- bo&rdf  having  a  sheet  of  pt^l^  ■ 
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strained  on  it,  mounted  on  a  portable  threc-lpgfifed  stand, andi 
of  turriing  about  a  vertical  axis,  and  of  being  ailjiixtc-d 
(liko  tVic  azimuth  circle  of  a  theodolite)  to  a  horizontAl  {loa 
shown  bj  a  spirit-level  laid  on  ita  surface. 

The  vertical  axis  has  a  clamp  and  a  toogent-acrew  to  adjust 
tablo  to  any  required  position. 

The  index  ia  a  flat  straight-edged  ruler,  having  uprigli 
at  its  ends. 

The  use  of  the  plane-table  resembles  trigonometrical 
on  a  small  scale,  except  that  the  angles,  instead  of  l»oin^ 
on  a  horizontal  circle  and  afterwards  platted,  are  at  once  lau 
on  paper  in  the  field.  • 

Fig.  39  illustrates  the  principle  of  surveying  with  the  plan 

^^     The  tii-st  operation  is  to  measure  carefully  a  base  on  the  gSm 

^P     A  B,  and  to  lay  down  on  the  paper  a  straight  line  a  &,  to  neprea 

that  base  on  a  suitable  scale.     The  io^trumcnt  is  then  to  be  nla 

tand  levelled  at  the  station  A,  i 
^2^  point  a  on  the  paper  beinj;  diiw 

y    \^  above  the  point  A.  on  tho  prom 

I              y             \  •  needle  is  to  be  fixed  upright  at 

/  \^  and  the  index  being   laid  on  ( 

,''  \         table,  so  that  its  fiducial  edge  d 

~Tj|        __^ Ly'^*l  lie  exactly  along  the  line  06, 1 
;;C~*"|           '"'        ^  '•■'*'  "j  table  is  to  bo  turned  until  the  sig! 
'^v                     ^''  of  tho  index  ai-e  in  a  line  with  1 

\        ,,^  farther    station    B,    and    adjus' 

''v-''  exactly    to    that    position    l^  ' 

I  J.J     jg  tangent-screw.     The  table  mna 

ing  steady,  the  index  is  to  be  tan 
so  that  while  its  fiducial  edge  still  touches  the  needle  at  a,  its  1 

I  of  sight  shall  be  successively  directed  towards  all  the  iroporti 
objects  whose  positions  relatively  to  the  base  A  B  are  to  be  fou; 
such  as  0  and  D;  and  with  a  fine  bard  pencil  lines  are  to 
drawn  along  the  edge  of  the  index  pointing  towards  those  objfl 
from  a.  The  table  is  now  to  be  sliifted  from  A  to  B,  and  1 
needle  from  a  to  6,  the  point  b  on  the  paper  being  placed  exac 
over  B  cm  tho  ground ;  tho  index  being  laid  along  b  a,  the  table 
to  be  adjusted  till  the  sights  are  in  a  line  with  A.  The  index 
then  to  bo  turned  so  tluit  while  it^  fiducial  edge  still  touches  f 
needle  at  b,  its  line  of  sight  shall  be  successively  directed  towai 
the  same  objects  as  before,  and  short  lines  pointing  from  />  tnw«i 
I  those  objects  are  to  be  drawn  along  its  edge,  intetaecting  the  Ui 

P*  To  protect  the  piper  a^liut  tbe  eflccta  of  the  altrnuta  moiiture  and  drjiwil 
(ho  air,  Ca;)laia  SSbom  recommends  titat  tbi  lowrer  sida  should  have  apread  ova 
tA«  bnt-ap  white  of  an  egg  bcforv  U  is  UM  «d  \taA>MW(^ 
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[  drawn;  the  poLata  of  intersection,  sticli  as  e  anJ  </,  mark 
oo  the  p8i)er.     The  details  art*  filled  in  by  sketcliing. 

tcta  thus  laid  down  include  poles  at  points  suited  for 
statioua.     On  removing  the  table  to  one  of  those  new 

jch  as  C,  the  needle  is  to  bo  fixed  at  the  point  c  reprcsont- 
ition  on  the  paper,  and  the  index  is  to  be  placed  witli 
idling  that  needle,  and  traversing  abo  a  point  reprcseut- 
the  former  stations,  such  as  a.     The  table  ia  then  to  be^ 

that  the  sights  shall  be  directed  towards  a  pole  fixed  at' 
station ;  and  then  all  the  lines  on  the  paper  will  bft 
the  corresponding  lines  on  the  ground;  and  the  8ur\'ey 
objects  from  the  new  station  may  be  proceeded  with 

le-table   ia  well   suited   for   sun'eying  where   luinut 

details  is  not  required,  the  end  in  view  being  to  nho^ 

live  positions  of  the  more  iiniiortant  objects  on  the  ground.'] 

fore  more  useful  for  topographical  and  military  purposes* 

]iose  of  eugint'eting.     For  hill  infonnation  as  to  its  uso. 

On  Topographical  Surveying  and  Drauting, 
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47.  fH)tilng-oat  a  Eiian  of  SrcUaa. — Preparaioiy  to  taking  til 
levels  of  the  grouud  along  the  line  of  a  pixiposed  vertical  aeotion{ 
that  line  is  to  l>e  "ranged,"  by  marking  on  the  ground  withwhittt 
poles,  and  permanent  marks  where  required,  the  points  where  th 
line  of  section  crosses  all  atreama,  lines  of  communicatioii,  bound 
ariea,  ia,  and  a  sufficient  number  of  other  {xiints  to  enable  it  to  h 
exactlv  followed.  For  tliat  purpose,  a  tracing  is  to  be  made  of 
much  as  may  be  necessary  of  the  plan  on  which  the  intended  lini 
of  section  is  drawn,  and  the  distances  of  that  line  from  comen  a 
fences  aod  other  definite  objects  are  to  be  carefully  measured  on  th( 
original  plan,  and  marked  in  figures  on  the  tracing.  An  aaaistao^ 
goes  over  the  ground  with  this  tracing,  and  marks  the  points  ii 
accordance  with  it.  Should  the  leveller  see  fit  to  alter  the  line  i| 
any  respect  as  he  goes  along  it,  or  should  it  be  left  entirely  to  lui 
own  judgment  to  choose  it,  as  is  often  the  case  with  ti-ial  «octioiu\ 
the  distances  of  a  sufficient  number  of  point*  in  it  from  objects  oa 
the  ground  can  be  measiux^d  on  the  spot  and  noted  on  the  tmcin^, 
00  as  to  enable  the  tine  of  section  chosen  to  be  laid  down  on  tM 
plan. 

48.  Tlie  SpirJi-Lerel  Strictly  speaking  is  a  glass  tube  B  C,  fig,  (0, 
liermetically  sealed  at   both   ends,  containing  some  very  limpid 

A  liquid,  such  as  alcohol,  cliloroform,  or  buI- 

^        ^         -^      """^Q   phuret  of  carbon,  and  a  bubble  of  air  A^ 

— — — —      and  having  a  slight  curvature,  convex 

^E  ^^-  upwards.     Tliat  curvature  is  much  exBg- 

gerated  in  fig,  40,  being  in  reality  so  slight  as  to  be  imperceptible, of 
nearly  so,  to  the  eye.  The  air-bmbhle  places  itself  at  the  higli««li 
point  in  the  tube;  and  a  tangent  to  tin-,  upper  ititeniid  surface  of 
the  tube  at  that  [mint  is  homontal.  The  glass  tube  is  usually  fixed 
in  and  protected  by  a  bi-ass  case.  When  the  instrument  to  whick. 
the  spirit-level  belongs  is  in  adjustmoiit,  the  centre  of  the  bubble  it 
in  the  middle  of  the  tube.  When  the  bubble  deviates  from  thai 
position,  it  indicates  that  n  tangent  to  the  middle  of  the  tube  devi* 
ates  from  a  horizontal  position  through  an  angle  whose  value  iSii 
secoada  is — 
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unected  by  adjusting  screws  at  d,  dy  by  means  of  which  tbo  U 
of  collimation  Ib  placed  perpendicular  to  the  vertical  axLs.     Tj 
vertical  axis  is  hollow,  and  turns  upon  a  spindlo  fixed  to  the  u} 
parallel  plate  F;  that  s))ind]e  ia  continued  downwards  and  a 
to  the  lower  juirallil  pUte  <3  by  a  ball-and-aocket  joint,     /,/,/ 
three  of  the  four  p1at<v8c.new8  by  which  the  vertical  axis  is  set 
ertical.     The  low(>r  ]>lato  G  is  Krowed  on  the  stafl'-head  H, 
three  woodeji  l^s  like  tliosa  of  a  theodolite. 

In  moat  loveLi  a  oomposa  is  carried  on  the  top  of  the  plate  D  0 
for  the  [Hirpose  of  taking  the  magnetio  bearings  of  lines  of 
sections. 

The  following  are  some  of  the  principal  Tariations  from  the 
stniction  aliove  described : — 

111  Tnjiighton'a  level,  the  brass  onse  of  the  Bpirit-levol  is  iiulwddcd 
in  the  top  of  the  outer  telesoope-tube,  and  has  no  adjusting  screw«; 
tbe  adjustment  of  the  spiritrlevel  to  parallelism  with  the  axist  of  tii» 
telesco(H)  being  left  to  the  instrument  maker. 

In  the  Y-level,  the  telesco|>o  is  carried  by  two  forked  «apiK>rts 
called  Y's.  It  can  be  rotated  in  these  about  its  own  axis,  ana  am 
be  lifted  out  and  turned  end  for  end.  Tho  spirit-level  hangs  bciW 
the  telescope,  instead  of  being  supported  above  it  One  of  the  Y'li 
8upf>orted  by  a  vertical  screw  with  a  milled  head,  by  means  of  wbidt 
the  telescope  is  atljiistod  so  as  t^i  be  at  right  angles  to  the  vprticsl 
axis,  and  whieii  answers  the  purpose  of  tho  screws  at  d,  d,  in  tba 
Dumpy  level. 

Instead  of  the  four  plate-screws  and  boll-joint,  many  Icvela 
three  foot-screws,  as  in  fig.  30,  p.  o8. 

Some  levels  are  provided  with  a  small  mirror,  which  being  plaeei 
in  a  sloi»ing  pitsition  above  the  spiriHevel,  enables  tho  oba«i"ver  to 
SCO  tiiu  reflected  image  of  the  bubble  at  the  same  time  that  ho  look 
thi-ougli  the  telescope.  Reference  has  already  been  made  to  thi 
contrivance  of  Professor  Piazzi  Smj-th,  by  which  an  image  of  a  amall 
bubble  is  fonued  at  tho  c^oss-^^^rol»  when  tlio  line  of  collitnaticn  h 
horizontal.  (Article  37,  p.  C5 ;  see  also  a  [laper  by  Mr.  Bow,  in  tha 
Trajtsaclions  of  tiie  Ju't/al  ScoUith  Sodeti^  of  Arts  for  1858-9.) 

49.  The  Lcrelling-siMfr  is  a  rectangular  wooden  rod,  having  a  fooa 
about  two  inches  or  two  inches  and  arhalf  biY>ad,  on  which  is  painted 
in  a  Ixild  oouspictioua  manner,  a  scalo  of  feet,  divided  into  teutlor 
and  humlrcdths,  ctmuneucing  at  the  lower  end  of  the  staff.  Its 
extreme  length  is  usually  iiom  fifteen  to  seventeen  feet,  and  it  ib  ma' 
in  tliree  pieet^s,  which  in  some  staves  ejin  be  put  together  or  tski 
asunder,  according  as  a  greater  or  less  length  of  sUitiT  is  reqtured^ 
and  in  others,  are  made  to  draw  out  like  tclesco|M}  tubes.    Tlw 

ff,  when  in  tise,  is  held  exactly  vertical ;  for  which  pur]Mae  U 
etdme»  Ims  a  plummet  enclosed  iu  a  gcooNc  «*•  owtt  «i^t  wi \\^^ 


^^t*ff, 
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M^  throtigli  a  small  piece  of  glass;  it  rests  on  its  lower  end, 
1  with  brass;  aud  in  soft  ground  it  i^s  useful  to  havo  a 
I'lato   to   place  ou  the  ground  below  tho  stuif^  and 

.  .  ,-r  • 

■"&• 

^  .  of  the  level  is  directed  towards  the  staff,  and 

of  coliituiition  is  truly  horiionUil,  the  number  of  feet  and 

1h  nf  a  foot  at  which  the  horizontal  cross- wire  croesos  the 

image  of  the  bcale  on  the  face  of  the  atafF  (subject  to  cor- 

to  bo  afterwards  explained),  shows  the  vertical  depth  of  the 

^i  on  which  the  lower  end  of  the  staff  stands  below  tho  line  of 

JO.      If  two  such  obsei"vtvtions  are  niude  with  the  stafi'  at 

points,  aud  the  level  at  the  same  station,  tlie  difference 

tl»o  two  readings  shows,  in  feet  aud  ileciniols  of  a  foot,  how 

the  point  at  whicli  the  less  reading  is  token  ia  hiyJier  than  the 

^re  the  ffrccUrr  readiug  ia  taken. 

old  form  of  levelling-statT,  now  seldom  used,  a  "  sUdiug- 

%raa  alid  up  and  down  by  the  staifnian,  in  accordance  mth 

made  by  the  leveller,  xintil  its  centre  was  in  the  line  of 

ition  ]  ! ;  the  stafTman  tlien  read  the  height  of  the 

aV>ttve  1 ;  .1.     The  making  the  divisiona  on  the  staff' so 

the  leveller  can  i-ead  them  himself  is  an  invention  of 


rXhe  AdjoBtincjiu  mf  itae  l>eroi    may  be    distingiiished,   like 
tho  theodolite,  into  temporai'i/  adjustments,  which  have  to 
]a  «new  ev€ay  time  the  level  is  set  up,  and  jjermanent  adjuat- 
:\\.\ch  seldom  becoDie  deranged  in  a  well-made  level,  bvit 
•  be  tested  on  each  day  that  the  instrument  is  used. 
MPOSABY  Adjdstuents  are  as  follows: — 
tke  the  /on,  of  the  object-glass  and  eye-piece  coincide  with 
'■"''    ^mne  aa  in  the  thetHloUte  (see  p.  59). 

itiaal  axis  tndy  vertical. — The  same  as  in  the 

In  order  to  avoid  atraining  the  plate-screws, 

I  first  to  be  made  as  nearly  as  poaaiblo  by 

I  "I  ihc  legs  of  the  stand,  and  then  corrected  by  the 

*  TMENTS  are  as  follows : — 

i  the  axis  of  tlie  Ide8cop0'tid>e. — In  the 

1  the  Y- theodolite  (see  p.  60).     In  Trojighton'a 

iL  ia  not  made,  except  indii'ectly,  as  will  bo 

expluLUed. 

I  tJje  Dumpy   Level,  this  adjustment   may  be   made  in  the 

to  nuare  ■ceonito  reading  of  tbe  aUff,  its  pointi  of  dlviMon  should 
■  1m  al  Ihf  '-""-  "''  a  black  or  «liite  mirk,  and  never  at  a  bmrndaty  bet" **~ 
Mu-  ^itrnit  ;i<:>«uic>n  of  aaoh  »  boundary  always  deviate* 

'   i'.<a  toivor^U  black. 


n 


84 


ENOINEEIUN'a   QB0DE8T. 


■amc  manner  as  in  the  Y-level,  by  the  maker  of  tho  instnttni 

before  Boldcring  the  telescope-tube  to  tbo  two  blocks  wliich  fc«ji|: 
it  upon    the    bar  D  D    (fig.    42>  p.    81);    and,  iu    that   o:ise, 
afjju»ting-8crewa  ccof  the  diaphragm  should  never  afte: 
disturbt-'d. 

The  sam6  adjustment  might  bo  made  by  the  observer,  if  thoj 
were  any  rae^iua  of  turning  the  inner  teleacope-tube  about 
longitudinal  nxis.  But  the  proviHion  of  euch  means  would  \ny, 
necessarily  complicate  the  instrument;  for  it  baa  been  shown  (it 
Professor  Blood,  of  Queen's  College,  Gal  way)  that  the  exact  ooin< 
cidence  of  the  cross-wires  with  the  axis  of  the  telescope-tube  isooi 
absolutely  essential  to  accurate  levelling. 

This  is  demoustixited  as  follows : — 


Tn  fig.  43  A,  let  A  A  represent  the  object-glass  of  a  teleaoopi 
B  C  the  axis  of  the  tele8C0]R'»-tul>es,  and  D  T)  the  diaphragm. 

Suf)pofti.!  that  the  horizuiitid  ci-oss-wiro  K,  instcjid  of  tmvwsija 
the  axis  B  C  of  the  tubes,  js  situated  at  u  certain  distanc«  fi 
'that  axis.     Then,  when  the  inner  tube  is  drawn  iu  and  oat, 
cross-wire  E  will  move  along  the  straight  line  £  F  parallel  to 
axis  C  B. 

Let  H  he  the  outer  prindjxtl  fociia  of  the  object-glasw,  Ml 
in  the  axis  C  B.     Tlion  it  is  known  that,  by  the  lawH  of 
all  rays  of  light  wIioko  paths  within  the  telescope  are 
B  C,  pass  througlt  the  focus  U,  out^sidc  the  telescope;  so 
example,  a  ray  of  light  whoso  jiath  within  the  telescope  is 
for  its  path  outside  the  teleacojw  the  stniight  line  H  G; 
it  follows  that  all  possible  pisitions  of  the  cross-wire  E,  as  the 
tube  slides  in  and  out,  coincide  with  the  images  of  points  til 
in  one  stTaight  line  G  U.     Couaequcntly  that  line  (or  its  proloi 
■within  the  telescope,  G  K)  may  be  regarded  as  the  true 
eoUifnation;  and  if  the  spirit-level  is  adjusted  so  as  to  be 

that  line,  correct  results  will  be  obtained  in  levelling, 
oroeB-wire  may  not  travene  the  fkxia  of  iha  telescope. 


thB 
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I  (S.)  JV>  moAe  <A«  tine  ofoollimaiion  and  tJte  gpirU-level  parallel 
aakolhm'. — In  the  Y-level,  bring  the  bubble  to  the  middle  of  the 
liifit'leTel  by  mt-uns  of  the  plate-screws;  lift  the  telescope  out  of 
liie  Y'b,  and  set  it  down  with  the  ends  reversed.     If  the  bubble 
lemains  in  the  middle  of  the  spirit-level,  the  adjustment  is  correct  j 
if  it  deviates,  correct  one-half  of  the  deviation  by  the  pkte-screwj 
knd  the  remainder  by  the  adjusting  screws  which  connect  tir- 
ppirit-level  with  the  tele«cope. 

In  Troughton's  level,  make  two  bench  marks  about  ten  chains 
apirt;  set  up  the  level  exactly  midway  between  them,  and  read 

set  upon  them,  so  as  to  find,  by  the  dilfcrcnce   of  those^H 
1^,  the  true  diS'erenco  of  level  of  the  bench  marks.     Non^H 
op  the  level  beyond  one  of  the  bench  marks  and  read  both 
«Utbb;  if  the  difference  of  the   readings  deviates  from  the  true 
of  level,  alter  the  position  of  the  diaphragm,  by  mcar 
lusting  screws,  until  the  readings  of  the  staves  give  th« 
tfue  ditiirence  of  level.     The  cross-wres  are  thus  placed  in  a.  line 
prssing  tlirough  the  centre  of  the  object-glass  panillel  to  the  spirit- 
ierel;  and  the  maker  is  I'elied  on  to  make  that  line  the  true  axi.s 
of  the  telescope.     The  same  adjustment  may  be  raatle  by  the  aid  of 
»sli«?t  of  water  on  a  calm  day;  becatise  two  stakes  can  be  drivj-n 
its  margin  so  that  their  heads,  being  flush  with  the  water,  shall^^ 
y  at  the  same  level.  ^M 

py  level,  having  ascertained  the  true  difference  of^B 
ch  marks,  as  already  described,  and  shifted  the  level 
yond  one  of  them,  alter,  if  necessary,  the  inclination 
telesaipe  by  means  of  the  plate-acrewa,  until  the  reudiugs  of 
e  give  the  true  ditfercnco  of  level,  and  bring  the  bubble  m 
iddle  of  the  spirit-level  by  means  of  the  adjusting  scre\v»H 
eonneet  the  spirit-level  with  the  telescope  (a,  a,  in  fig.  42). 
To  place  Uie  telfJsco])e  aiul  spirit-Uvd  perpendicular  to   the 
'  axis  (or,  as  it  is  called,  to  make  the  instrument  "traverse") 
the  telescope  over  a  pair  of    plate-screws,  and  by  turning 
bring  the  bubble  to  the  centre  of  the  spirit-level;  reverse 
rrction  of  the  telesco|>e  exactly,  by  turning  it  through  180° 
tlie  vertical  axis ;  if  the  bubble  is  still  in  the  middle  of  the 
•pint-level,  the  a<1justment  is   correct:  if  not,  correct  half  the 
<ieriation  by  the  plate-acrews,  and  the  other  half  by  means  of  the 
■WW8  which  connect  the  telescope  with  the  bar  on  the  top  of  the 
vertical  axifl  {d,  d,  lig.  42).  mjk 

The  U»r  •€  il»e  lievrl  in  finding  the  difference  of  elevation^ 
Q  t^wro  points  has  been   described  in  the  two   preceding 

Tlie  observations,  or  readings  of  the  staff,  taken  by  means  of  the 
l^ve^  mre  called  "fi^ds. " 


I 


^ 
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When  two  sights  only  are  taken  from  one  station,  one  with  th 
■tafi*  \ipoD  a  point  whose  level  has  been  ascertained,  and  the  olh( 
T^itb  the  Btaff  upon  a  point  whose  level  ijs  to  be  asoertMasd,  t| 
former  is  called  the  back-fi<jlu,  and  the  latter,  the  /or^^ighL 

If  the  back-sight  is  tlui  greater,  the  ground  riaea,  and  if  tt 
fore-sight  ia  the  greater,  it  falls,  from  the  former  ]xtint  to  t^ 
latter. 

When  the  levels  of  a  series  of  points  are  taken  with  the  lorell 
one  station,  in  order  to  make  a  ooDtinuous  section,  the  first  md  4 
last  observations  are  the  princijjal  back  and  fore-sighta  rfv' 
the  fii-st  back-sight  being  taken  with  the  staff  ona  )• 
or  other  point,  whose  level  has  been  ascertained  by  ui-ims  m 
sight  fix)m  a  former  station;  »nd  the  last  fore-sight  being 
with  the  staff  upon  a  mark  which  is  to  Ijc  the  object  of  the 
back-sight  when  the  level  is  shifted  to  a  now  stjttion.  Of 
intermediate  sights,  taken  with  the  staff  upon  plnoes  v  ' 
inclination  of  the  ground  changes,  on  roatls,  at  the  1 
Btreams,  <tc,  each  is  a  foi-c-sight  ivlatively  to  the  precediu^  i^ 
and  a  back-sight  relatively  to  the  following  one, 

For  example,  in  fig.  44,  A  is  a  station  where  the  level  is  aetiq; 
and  the  horizontal  line  6  A  c  is  tlio  line  of  sigfu,  or  straight  lii 
in  proiongntion  of  the  line  of  coUimation.     The  ^n^  6ae«-f^ || 

I  taken  with  the  staff  on  B,  a  point  whoiie  height  above  tlu>  d^oifr 
I  ^ 

kBiurface  has  been  aaoertained  by  previous  observations ;  and  it  giro^ 
ras  tlie  reading  on  the  stalV,  B  L  The  last  fort~»iglit  is  tukt-u  witk 
the  staff  on  C,  a  point  well  suited  as  a  position  for  the  staff  wfael 
Etlie  Jir&t  back-sigld  with  the  level  at  the  next  station  D  is  takm 
It  gives,  as  tlie  raiding  of  the  staff,  C  c.  The  first  iut 
.sight,  lit  the  point  niiirked  1,  is  a  fore-sight  relatively  to  j 

and  a  back-sight  relatively  to  that  at  thu  point  2,  and  so  ou. 
The  fii-at  buck-.sight  and  last  fore-sight  are  the  most  important  la 
point  of  accuracy;  for  any  error  committed  in  them  is  aarrivdoB 
thi*ough  the  whole  of  the  remaindci*  of  the  section;  whereas t^ 
error  committed  in  taking  an  intermediate  sight  affects  tliat  fi\ ' 
only. 
The  6rst  back-^ight  and  last  {ore-&v^\A  takeu.  fcom.  each  etatioB 
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nglit  to  1m)  at  points  as  neorly  as  possille  at  equal  difltonces  from 
Irrel,  is  order  to  neatraiize  the  effects  of  errors  of  adjustment, 
nd  abo  those  of  the  curvature  of  the  earth  and  of  refraction, 
>1I  he  explflined  in  the  next  article;   and   those   points 
MM  6rm  ground,  and,  if  possible,  so  placed  that  the  read- 
'  ••xcoed  ten  or  eleven  feet, 
ieveUer  thinks  it  desirable  to  cany  his  level  on  to  a 
loh  as  D,  the  staffinan  holds  his  stiiti'  steadily  at  C, 
:t  face  about;  the  leveller  advances  to  D,  sets  up  and 
his  level,  takes  the  tirst  back-sight  C  c,  and  proce^ls 
£  e  repsvaents  the  position  of  the  staff  when  the  last  fore^ 
t  is  taken  from  D ;  the  staff  is  held  there  until  the  leveller  has 
ou  and  planted  his  level  at  a  tliird  station,  and  so  on. 
Ofietatioos  can  be  performed  with  one  staff;  but  much  time 
1.  •av.viJ  1..-  i.^;,,,r  tfli-u^  carried  by  two  BtatT-holders. 

I-  are  thus  being  taken,  two  chainraen  measmv 
■1   .-.iiiiiu  with  the  chain,  in  the  manner  described  in 
1',  pp.  19,  20;  except  that  instead  of  always  chaining  in 
liuHs,  tbey  follow  the  line  of  section  as  set  out.     The 
Teller  notes  the  distances  of  all  the  points  at  which  the  staff 
ct  up,  as  well  as  these  where  lioundariee  are  crossed,  whether 
Ifdu  are  Uikcn  there  or  not :  in  this  he  may  get  useful  help  from 

Tn  tTr>flHing  a  stream  or  a  sheet  of  water,  the  leveller,  besides 
'i  of  levek  to  give  a  section  of  its  banks  and  bed, 
■  <:•  existing  level  of  the  surface  of  the  wuter,  and  also 
nd  lowest  levels  of  the  wat<?rj  so  fnr  as  he  can 
11.  Levels  of  the  bottom  may  be  taken  by  sounding. 
When  a  sight  is  to  be  taken  to  determine  the  level  t»f  a  jwint 
idiich  is  below  the  line  of  eollimation  by  more  than  the  entire 
losth  of  the  staff,  the  staff  may  be  raL^ed  up  vertically  imtil  th 
Imilrr  c*in  r^-'jul  some  di\ision  near  its  upjier  end,  and  the  heig 
M  the  low«>T  end  of  the  staff  above  the  ground  may,  at  tiie  «inj«] 
Timr  ]u.  T.i.-,  .i,red  with  a  tajie-liuc  or  with  another  RtoiV,  and  addi 
read.  This,  however,  should  only  be  jiractuwd 
ights. 

•ct  of  OberkiMs  KxtcI*,  see  Article  16,  page  15.  In 
le\'elliug  the  discrepancy  Ijetween  two  sets  of  levela- 
faction  may  be  about  a  foot  in  forty  miles  of  distant 

inita    for   CnrraCare    and    Rcrracllon. —  luosmuch  aS 

!  surface  is  not  plane,  but 

•    3,  p.   2),  the  line  of 

when  truly  adjusted, 

U    riiiiirido  with  such  a 

.    .'     :,     Lur/rllt    to    it        The  l'\B,ii. 
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heiglifc  read  upon  a  levelling-statf,  therefore,  is  always  gre 
it  would  be  if  a  horizontiil  siirfiice  were  plane ;  and  the  q\i 
be   deducted  from  tin?   height  on   the    stuff  of  the  ])oint 
is  in  the  prolongation  of  the  Lints  of  collimation,  in  order  to  l 
it  to   the  height  which  would  have  been  read  had  a  hori 
suifuce  been  plane,  is  called  the  correction  for  curvature. 

On  the  other  hand,  the  line  of  sight,  being  the  line  along 
light  proceeds  from  the  object  looked  at  to  the  telescope, 
perfectly  straight,  l>eing  made  slightly  concave  downwards  1 
refracting  action  of  the  air.  Hence  the  point  seen  on  th< 
apparently  in  the  line  of  collimation  produced,  is  not  exac 
that  line,  but  is  below  it  by  an  amount  called  the  error 
refraction,  and  thus  the  error  arising  from  curvature  is 
neutraliztxl ;  and  the  correfciion  to  he  subtracted  for  curvatu) 
n!fnictiou  u-sually  is  somevliat  less  than  the  con-ection  for  cur 
alonu'. 

In  Hg.  45,  A  represents  the  level;  6,  a  point  on  the  gr 
B  C  E  l3,  the  ataff  standing  on  it ;  A  C,  a  level  surface  tooolu] 
lino  of  colUmation,  with  the  curvature  very  much  ezaggM 
A  D,  a  straight  line  in  prolongation  of  the  line  of  collimi 
E  A,  the  i*cat  line  of  sight,  a  curvetl  line  in  which  light  pro 
owing  to  atmospheric  refraction.  Then  the  correction  for  < 
ture  is  — C  D;  the  correction  for  refniedon  +  D  E;  and  the 
correction, 

-EO=-CD  +  DE, 

The  correction  for  curvature  is  a  third  proportional  to  the  t 
dianietcr  and  the  distance  between  the  level  and  the  staff — ^t 
tu  say,  its  value  in  feet  is 

41  77HOOO  "  ^  (distance  in  statute  miles)*  ...M 

The  error  piwluced  by  refraction  varies  very  much  wit 
state  of  the  atraoaphorc,  having  been  found  to  range  from  one-l 
one-tenth  of  the  correction  for  curvature,  and  in  some  cases  U 
even  more.  Its  value  cannot  be  expressed  with  certainty  t 
known  formula;  but  when  it  becomes  necessary  to  allow  foi 
may  be  assumed  to  be  on  an  average  about  one-sixth  of  the  c 
tion  of  a  curvature ;  so  that  the  joint  correction  for  curvature  a 
fraction,  to  be  subtracted  from  the  reading  of  the  staff,  is 
average, 

6     (distance  in  feet)-        --/,.,  .      ...        .•    vo 

6  '*  — 41J7t>,U0O       "  * °^  (distance  m  statute  miles)' .. 

The  errors  produced  by  curvatuxe  «ttd  TOtcajction. ««  ii«ut 
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^^H^Hj^Plxl  fore-aiglitd  are  taken  to  staves  at  equal  or  nearly 
^H^HBBnes  from  the  level.  At  distances  not  exceeding  teu 
^Hb,  tfaej  are  so  small  that  they  may  be  neglected. 
^MB  uncertainty  of  the  correction  for  refiuction  makes  it  advis- 
^BId  avoid,  in  exact  levelling,  all  sights  at  distances  exceeding 
Hot  &  quarter  of  a  mile. 

i$.  The  V»rwi  FieM-Be*k  is  kept  in  various  forms,  according  to 
^■BBMtioe  of  different  engineers.  In  one  of  the  most  usual  and 
|B|nkDt,  each  page  is  di^'ided  into  seven  columns,  headed  ua 

»B«.    ^'    ^""LT     FalL     ^"T^    Distance.    I>e8?nption  of 
™~-     ri^t     sight.  Level       *'""«"«*•         Object. 

like  first  entry  made  is  in  the  column  of  reduced  levels,  being  the 
jirrttion,  in  feet  and  decimals,  of  the  bench  mark  on  which  the 
int  back-sight  is  taken  above  a  datum  horizontal  surface;  and 
upponte  this,  in  the  column  of  description  of  objects,  is  the  desig- 
tttjon  of  that  bench  mark.  In  the  second  and  all  the  following 
Jju(  llie  only  entries  usually  made  in  the  field  are  the  buck-sights 
^■iforft-eighte,  the  diatwuces,  and  the  description  of  objects;  so 
^■.bqiinniug  at  the  right  side  of  the  page,  we  have  in  each  line 
^BeKription  of  a  point  or  object  (if  any  dcscri|»iion  is  necessary), 
^BBUnce  firom  the  commencement  of  the  line  of  section,  the  foi-e- 
^Bread  upon  the  staff  when  held  at  that  point,  and  the  back- 
Hb  read  upon  the  staff  when  held  at  the  f)oint  immediately 
^■Bding.  On  each  occasion  when  an  intermediate  sight  is  taken 
IMbout  shifting  the  level,  it  will  be  entered  as  a  fore-sight  opposite 
the  point  to  which  it  is  taken,  and  also  as  a  back-sight  in  the  fol- 
lowing line.  In  reducing  the  levels,  which  ought  to  be  done  each 
erening  for  the  levels  taken  during  the  day,  the  first  procetis  is  to 
tiike  the  difference  between  the  back-sight  and  fore-sight  in  each  line, 

«Dd  enter  it  as  a  |  ^l  according  as  the  |^,;'g\\^}  is  tbo 

greater.  The  reduced  levels  are  then  computed  in  succession  from 
tbe  level  of  the  first  bench  mark  by  the  successive  addition  of  the 
oao  and  subtraction  of  the  falls. 

The  calculations  in  each  page  are  checked  by  adding  up  tbo  first 
four  columns ;  when  the  difference  between  the  total  rise  and  total 
Ml  ought  to  be  equal  to  the  difference  between  the  sum  of  tlio 
lack-sights  and  the  sum  of  the  fore-sights,  and  also  to  the  difference 
between  the  first  and  last  reduced  levels  in  the  page,  tlie  first 
miaced  level  in  the  first  page  being  that  of  the  first  bench  mark ; 
tnd  the  last  reduced  level  in  each  page  being  also  entered  as  the 
fint  in  the  following  page. 

Il  is  sometimes  useful  to  enter  in  the  oelumn  of  descriptions  tbo 
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magnetic  bearings  of  the  lines  levelled,  and  to  illtwtrate  it  qo 
fiioimlly  by  sketch  aectioni!  of  the  more  intricate  partA  of  the  gixmi 

It  is  often  necessary  to  reduce  the  levels  in  the  field,  e'ipccii 
in  taking  trial  levels.  In  such  casea  the  caicuhitiuua  alioold 
carefully  checked  jillcrwards. 

54.  I'loiUns  n  H«ciioB  is  coinmenfp<l  ♦•jr  drawing  •with  «  ^ 
accurate   irtruight-cdgc  a  fitraight  "   '  ■'•,"  to  re]'^ 

datum  horizontiil  surface  fn"»m  whi<  is  are  re*  i 

marking  on  that  dutum-line  a  scale  of  diatancea.     T\u> 
acale  should  be  (Irawn  on  the  papei  ait  right  an^U*  to  tJie  datttm-li 
ill  order  that  it  iniiy  bo  parallel  to  the  lines  rcpresenUng  hei 
and  expand  aud  contract  along  with  them.     This  ia  of  L'Piut 
poi-tanco  in  engraved  and  lithogra[)hed  sections,  in  wlut" 
often  expands  or  contracts  differently  in  different  direc' 
plotting  of  the  distances  and  heights  entered  in  the  I 
performed  like  that  of  the  distances  and  offsets  in  a  cbaiu^  .^ 
(Article  31,  p.  32.)     As  to  scales,  see  p.  7. 

Explanations  are  usually  written  above  the  objects  to 
tlicy  relate,  such  ns  roads,  railways,  canals,  rivers,  «tc. 

The  nature  of  tlie  principal  information  which  is  Tcquired 
writing  on  sections  for  engineering  purposes  Ims  l)een  trtuted 
Article  H,  pp.  14,  15. 

Sn,  i.,cnrpiiia|(  bf  iL«  Tbe*di*ui«  may  be  performed  in  tfal 
different  ways. 

I.  Jh/  placing  the  line  of  eoUimotion  horwmtol,  and  tuing 
tJieodolite  like  a  lerd. — This  may  be  done  when  a  proper  leveQil 
instrument  ia  not  at  hand. 

II.  Bi/  ielUng  tJte  line  of  coUimation  at  a  knmcn  angle  efk 
dination,  and  taking  tights  in  other  respects  as  if  tcith  a  fcwl- 
This  prooeaa  may  save  time  in  taking  the  levels  of  rteeply  slopii 

ground  In  fig.  4G,  A  roprcseil 
tilt'  theodolite',  h  A  c  the  slopt] 
line  of  sight,  B  b,  C  c,  and  U 
other  vertical  lines,  heights  ra 
off  on  the  staff.  The  most  eo( 
veniont  way  to  reduce  levels  taki 
by  this  method  is  first  to  redo 
them  as  if  the  line  of  sight  wa 
horizontal,  and  then,  according 
its  inclination  is  upward  or  downward,  add  to  or  subtmct  from  «l 
reduced  height  a  correction  for  declix-ity,  found  by  mol''  '  '  tn 
distance  of  the  point  from  the  commencement  of  the  n 

of  Right  by  the  siite  of  tho  angle  of  inclination,  if  di?t.uicci  liiv 
be*u  measured  on  tho  slope,  or  by  its  tangent,  if  tliey  have 
ced  to  horizontal  diatanccH.     {Article  23,  \i.  20Y 


Fig.  46. 
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Bjf  takmg  aatglm  of  aUUvde  and  depression. — ^The  height  of 

'^ahore^  or  ite  depth  below,  the  telescope  of  the  theodolite, 

'  equal  to  its  horizontal  distance  from  the  station  of  observa- 

iplied  by  the  tangent  of  its  altitude  or  depression,  as  the 

be. 

ion  for  ctirvatnre  is  one-half  of  the  angle  auhtended  hij 
ai  tlie  cfiUre  of  curvature  of  tfte  earUts  surface,  or  "  cou- 
c,"  05  it  is  called ;  and  that  correction  is  to  be  added  to 
and  subtracted  from  depressions.     (As  to  the  computation 
sogle,  see  Article  33,  Division  V.,  pj).  46,  47.) 
eonvction  for  refraction  is  very  variable,  as  has  been  already 
cd.     On  an  average,  it  may  be  approximated  to  by  dimin- 
the  correction  for  curvature  by  one-sixth. 
0  effects  of  curvature  and  refi-action  may  bo  nearly  neutralized 
ing  reciprocal  angles,  as  they  are  called ;  that  is  to  say,  if  A 
Ix!  t^Fo  stations,  B  being  the  higher;  take  the  altitude  of  B 
>m  A,  and  the  depression  of  A  as  seen  from  B]  half  tlio 
of  those  aisles  "will  be  the  combined  correction  j  and  tlio 
of  half  their  sum,  being  multiplied  by  the  distance,  will 
the  diflerence  of  level  nearly.     The  reciprocal  angles  slio\ild  be 
aa  nearly  as  possible  at  the  same  instant,  lest  the  refracting 
of  the  air  should  change  in  the  interval 
LwvUing  by  angles  b  not  to  l)e  relied  upon  for  engineering 
except  occasionally  in  taking  flying  levels. 
Ititade  of  an  object  on  land  is  taken  with  the  sextant,  by 
the  "double  tdtifi/de'" — that  is,  the  angle  Ijetween  the 
e  ffii  reflected  in  a  trough  of  mercury,  called  an 
— ^-and  taking  one-half  of  that  doable  altitude. 
%r  tfie  Plaac-Tobift  is  performed  liy  adjusting  the 
particu]Kr  care  to  a  horizontal  po.sitinn,  measuring  the 
t  of  the  all!itude  or  dejiression,  and  multiplying  it  by  the 
jftaacc      To  enable   such  tangents   to   bo 
Kocorcd,     the    index     is     constructed    as 
Dows: — In  tig.  47,  E  F  is  tlie  flat  bar  of 
t0  index,    F  p   its   forward   and    E   a  its 
itkmml  sight.     Near  the  bottom  of  the 
lekvard    tdght    in    a    sight-hole    A    for 
wmsg  altitudes;  near  the   top,  a  sight- 

)W  a  for  objJerving  depressions.     A  scale  of  equal  parts  is  marked 

forward  sight,  and  numbered  upwards  from  B  opposite  A, 

mnk  from  b  opposite  a.     A  slider  D  is  slid  up  or  down 

wire  contained  in  it  appeal*  in  a  line  with  the  object, 

tengout  is  read  by  an  index  and  vernier. 

jRooeas  also  is  only  suited  for  flying  levels. 

XcvdUiV  *r  «*«  ««n>aicM!r  aad  VhermomtMr  VO&J  OCC{(StOIl 
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nlly  be  used  for  engineeriDg  purposes  to  take  flying  levrii 
exploring  the  country.  The  following  formuLi  i&  sufficieul 
correct  for  that  object : — 

Let  the  quantities  observed  be  denoted  as  follows: — 

'  At  the  lower     At  tb(  hig 

tUtioD. 

Height  of  the  mercurial  column  in  the  baro- 
meter,   ,,. H  ...... 

Temperature  of  the  mercury  in  degrees  of 
Fahrenheit,  as  ahoMm  by  th*^"  at^u:lied  " 
thennomt'tcr, , T  

Teniperaturo  of  the  air  in  degrees  of 
Fahrenheit,  as  shown  by  the  "detached" 
thermometer, T* t 

Then  the  height  of  the  higher  station  above  the  lower,  in  M 

«  60360  ilog  H  —  log  A  ^  •  000044  (T  —  <)  I  . 

/        T'  +  ^-64Y  '-^^ 

\^         986        J 

For    rapid   calculation^   the    following,    though   loss  exact, 
convenient : — 

Height  in  feet  =  56300  (log  H  —  log  A),  (l  +  "tj^^-Q  nearly.  (2.) 

In  the  absence  of  logarithms,  the  following  formula  may  be 
for  heights  not  exceeding  about  3,000  feet.    Correct  the  barometi 
reading  at  the  higher  station  as  follows : — 

Height  in  feet  =  62428  §^''  (l  +  ^^^^^^P^)  nearly.  (J 

The  preceding  formxilsB  are  applicable  to  the  mercurial  bannael 
They  are  also  applicable  to  the  "Aneroid"  barometer,  with 
exception  of  the  correction  depending  on  the  temperature  by 
attached  thermometer.  The  aneroid  barometer,  if  very  alulft 
constructed,  may  be  made  to  require  no  appreciable  correction 
the  effect  of  its  own  temperature  on  itfi  indications.  Shouli 
need  such  correction,  the  amount  can  only  be  deterrni  -  '" 
exjierimental  comparison  between  the  individutd  ancroi! 
and  a  mercurial  barumeten     (See  p.  783.) 
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method  of  taking   flying  levek,  depending,  like  the 

ic  method,  upon  the  pressure  of  the  air,  is  that  of  determin- 

Diiing-point  of  pure  water  by  a  veiy  sensitive  thermometer-^ 

invented  by  Dr.  Wolkston,  and  improved  by  Principal 

{See  TranKKtioiis  of  the  Roycd  Society  of  EdinLunjU,  vols. 

ti) 

liog-point  falla  very  nearly  at  the  rate  of  one  degree  of 
it  for  every  5^Zfe«t  ofcueerU;  and  still  more  nearly  accord- 
following  formula : — 

«  in  feet  =  517  (212^  —  T)  -f  (212°  —  T)2; (1.) 

le  boiling-point  on  Fahrenheit's  scale,  and  ~  the  height  of  the 
rhere  the  experiment  is  made  above  a  station  where  the 
_,^point  Lb  212\  To  compare  the  levels  of  two  stations,  the 
Ig^point  of  pure  water  is  to  be  observed  at  each,  and  the 
tity  £  is  to  be  calculated  by  formula  4  for  each  of  the  boiling- 
when  the  difference  between  those  qimutitics  s,  corrected 
fmperature  of  the  air,  will  be  the  ajipruximate  differenc© 

■cImmI  Ki«rcla — Fcaram  af  the  Coubiit. — ^The   USO  to    the 

of  "  Flying  Levels,"  or  ol>servatioua   of  the   heights   of 

points,  has  already  been  mentioned  in  Article  lU,  p.    9. 

ghta  cannot  be  ea^ly  shown  by  means  of  vei*tical  sections; 

most  convenient  method  of  recording  them  is  to  write 

a  plan  of  the  country. 

"jcd  levels  may  be  taken  for  the  purpose  of  determining  tho 
of  important  points  on  existing  works,  such  as  bridgesi, 
,  railways,  canals,  dec.,  or  of  objects  suitable  for  bench  marks; 
ley  may  be  taken  in  order  to  give  the  engineer  a  general 
[ledge  of  the  form  of  the  suiface  of  the  country.  In  tho 
it  Article  it  will  be  shown  what  })ositions  are  the  best 
^pr  detached  levels  taken  with  the  last-mentioned  yturpose. 
Bie  surface  of  the  earth,  and,  indeed,  on  any  irregularly 
Hsurfitfe,  two  classes  of  lines  may  be  distinguisheil,  whose 
tSa  and  figures  arc  of  primaiy  im]K)rtance  in  determining  the 
kfif  tii&tsaiikoe — Ridoe- Lines  and  Valley-Lihes. 

-Ua*  is  distinguished  by  the  projiert^',  that  along  the 
ita  course  it  ia  higher  than   the  gi-ound   immediutely 
to  it  on  each  side; — in  oth 'r  woi-ds,  the  grouud  slopes 
from  it  at  both  sides.     The  rain-water  which  falla  on 
>  consequently  runs  away  from  both  sides  of  a  ridge- 
hence  it  is  also  called  a  "  Water-shed  Line."     Ridge- 
I  also  sometimes  called  "  the  features  of  the  country."     Tho 
ia  ttareM'sod  by  a  number  of  main  ridge-linca,  Vfbicli 
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axe  the  central  lines  of  tho  great  tDonntain-chiuna :  from  tha 
tLere  diverge  branch  ridge-lines,  and  from  theae  suf  <      ' 
ridge-liiies,  jind  so  on ;  until  iu  most  cases  tho  &na]  ! 
at  promontories,  whoro  they  sink  down  into  the  plains  or 
vaUeys.     A  ridge-line   may  return  into  itself,  ao  as  to   oOQl 
within  it  an  enclosed  hollow  or  baain ;  but  thiii  is  of  compatstrn 
rare  occurrence. 

A  ridge-lino  is  seldom  either  straiglit  or  Imol  thnmghont 
considerablu  \Kirt  <>f  ita  length,  being  almost  alwajH  more  or 
■wavy  or  serrated  bt>th  vertically  and  horizontally. 

The  highest  points  of  ridgc-Iines  form  the  mimmits  of  the  faiQ 
The  summit  of  a  conical  or  rounded  hiU  may  in  some  cnnos  b** 
isolated  point,  not  traversed  by  a  ridgc-Hnc ;  but  the  sumniit  of 
hill  ia  in  general  traversed  by  at  least  one  ridge-line,  and  in 
often  a  poiut  of  divergence  of  several  ridge-lines.  A  sumiait 
sometimes  be  a  flat  expanse  called  a  "  table-land,"  with  ridge-li 
diverging  from  its  edges, 

II.  A  Vniler-i'iae  is  distingiiishod  by  the  property,  that  ale 
the  whole  of  its  coui-se  it  is  lower  than  the  ground  immediatt 
adjacent  to  it  on  each  side; — in  other  words,  the  ground  iIm 
•upwards  from  it  at  both  sides.  The  water  on  the  surface  of  f 
ground  consequently  nxns  towards  a  valley-line  from 
Bides,  and  except  in  cei-toin  cases,  rnns  along  the  valley-line  in 
stream;  whence  valley-lines  may  be  called  "Water-Couhsk  LoM 
Tho  exception.')  are,  when  the  valley-line  is  in  an  enclaied 
so  tliat  a  lake  is  formed ;  and  when  the  siirface  water  diaappeara 
evaporation  or  absorption.  Between  each  adjacent  pair  of  fl 
ridgo-liues  thero  is  a  ^'alley-liue ;  these  vallcy-Iincs  conv«9gB 
wiito  into  grr-atcr  valley-lines,  and  eo  on  until  the  final 
lines  end  in  the  sea,  or  at  tho  bottom  of  some  enclosed 
at  the  edge  of  a  plain.  A  valley-line,  like  a  ridgc-line,  ia 
either  straight  or  level  throughout  any  considerable  port 
length. 

The  end  of  a  ridge-line  lies  in  general  either  in  a  plain,  or 
two  converging  volley-lines,  or  in  the  bend  of  a  valley-line, 
commencement  of  a  vailey-line  lies  in  general  between  two  div 
ing  ridge-lines,  or  in  the  bend  of  a  ridge-line,  or  ut  a  "  Pas.s.** 

SA  Vwum  is  a  placa  on  a  ridge-line  lower  than  any  neighbo' 
point  on  the  same  ridge-line,  and  might  be  described  as  a 
where  a  ridge-line  and  a  valley- line  cross  each  other  at  right 
but  it  is  more  in  accordance  with  tho  ordinary  use  of  the 
"valley"  to  describe  the  Hue  of  lowest  elevatiou  at  a  posn, 
crosses  the  ridge-line  at  right  angles,  as  consisting  of  two  valley 
whidi  niu  downwards  from  tho  pas.s  in  o^iposite  directions. 
livm  these  descriptions  of  rMigu-\m!C&  oxiii  nq^Xc^-Xvima^  vu^. 
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Btl  oonoected  with  them>  it  is  obvions  that  the  placoftr- 
'  3ns  lire  of  most  imjwrtanoe  tovarda  a  knowledge  i 

sur&ce  of  a  district  are  the  follovring  : — 
lite  of  hills,  being  peaks,  table-lauds,  or  highest  poiata 

where  the  inclinationa  of  ridge-Iiues  change. 
>m  which  ridge-lincs  tliverga 
'  lowest  points  of  ridge-lines  and  highest  points  of 

pointB  of  valley-Unea. 

winta  where  the  inclinations  of  valloy-linea  change. 
KiintB  where  converging  valley-lines  meet. 
1  those  places,  those  which  are  of  most  importance  In  tlie 
of  lines  of  oommuDication  are  the  pastes;  because  they 
the  points  at  which  ridges  are  to  be  crossed, 
levels  of  the  places  already  enumerated  may  be  added, 
surfkces  of  seas,  lakes^  riveiB,  and  other  bodies  of  water, 
rious  conditions. 
'slley-Iines  of  a  district  are  usually  marked  with  sufficient 
BOB  on  a  plan  by  the  water-courses.  The  position  of  the 
MB  is  in  general  indicated  by  shading  the  slopes  which  fall 
em  in  eacli  direction,  the  best  system  of  shading  being  tliat 
(g  to  which  the  depth  of  the  shadow  varies  with  the  steep- 
slof>e,  beiug  made  as  nearly  as  possiblo  proportional  to 
;  of  the  angle  of  declivity.  The  bottoms  of  valleys  are,  in 
sUghtly  shaded,  in  order  to  distinguish  them  from 
?hills. 

-Uutm  are  used  as  means  of  enabling  a  plan  to  give 

iic  information  ob  to  the  figure  of  the  surface  of  the 

is  poNftible  by  means  of  levels  wTitten  in  figures  alone 

^line  on  a  plan  represents  a  contour-line  on  the  earth'fl 

lich  is  a  line  traversing  all  the  points  on  the  ground  that 

coustont  height  above  the  datum-level.     A  contotu*- 

ground  ni.iy  be  otherwise  desoribed  as  a  horizonta 

le  earth's  surface,  or  the  line  where  the  earth's  surface ' 

'm.  given  horizontal  tnirfacc,  or  the  outline  of  an  imaginary 

iter,  coveriug  the  ground  up  to  a  certain  given  eleva- 

llnes  cross  the  lines  of  steepest   declivity  on  the 

ground  at  right  angles;  they  also   cross  at  right 

lines  and  vaUey-Unes  at  which  the  surface  of  the_ 

biy  ctured,  and  does  not  form  an  absolutely  si 

r. 

ticftl  distance  between  sncoessive  contour-lines  on  a  plan 
tJie  ecale  of  the  plAn^  the  Sgwro  of  the  ground^  and  Uid 
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purpose  for  which  the  plan  is  intended;  being  greater  in  plans  i 
small  Kcale  than  in  those  on  a  largo  scale;  greater  where  tho  do 
are  8t«ep  and  tho  bills  high  than  where  the  slope*  are  gentUi 
the  hilU  low ;  and  grcat^T  or  less,  alao,  according  to  the  pr 
with  which  k-vols  Fiave  been  taken  for  finding  the  positiou 
contour-lines,  and  the  use  that  is  to  be  made  of  them  in  de 
trorks.     For  example,  in  the  Ordnance  Mbjw  of  Britain, 
scale  of  six  inches  to  a  mile,  contour-lines  are  drawn  at  each  ti 
five  fi>et  of  height,  and  certain  of  these,  called  "  principal  oont 
lines,"  are  determined  with  greater  precision  than  the  others; 
those  principal  contour-lines  are  at  every  fifty  feet  of  ele* 
the  flatter  parts  of  the  country,  and  at  every  hundred  feet  ia 
tnore  hilly  jiarts,     Tlie  closest  contour-lines  are  those  which 
|jL<i-n  laid  down  in  Home  plans  of  town  districts  for  purpoaai  i 
dniinage  and  other  improvements:  these  occiur  at  vertical  ijit 
of  ffom  eight  feet  to  two  feet 

Ditferent  methods  of  determining  the  positions  of  eontonr-l 
niny  be  followed  according  to  the  degree  of  pi-ecision  required, 
lay  down  principal  contour-lines,  a  series  of  bench  marks  ah 
miid(<  at  Huch  points  in  ridge  and  valley-lines  as  have  been 
sjK'cifiod  in  the  preceding  Article;  the  positions  of  those 
iiuirks  Hhould  be-  ascertained  in  the  coui-se  of  the  survey,  and_ 
d<jwn  on  tho  plan,  and  their  elevations  found  by  levelling, 
by  levelling  from  those  bench  mark!!,  points  are  to  be  mark 
pegs,  or  otherwise,  on  tlio  ridge  and  valley-lines,  and  at  c 
intermediate  places  as  may  ap{>eur  necessary,  at  certain 
eloTitions  above  the  datum-level,  such  as  50  feet,  JOO  feet,  1501 
and  so  on.     The  positions  of  the  pointa  so  marked  being  surveye 
with  the  chain  and  jilnitted,  give  a  series  of  points  in  tho  cont 
lineji ;  and  the  coui-se  of  those  lines  between  the  points  so 
Burvnying  is  to  l)o  sketched  upon  a  tracing  of  the  plan  taken  to  ' 
gi*oimd  for  the  purjtosc.     R'nch  marks,  whose  le\els  ought  to 
checked,  should  be  inndentthe  places  where  principal  contour-I 
cross  important  ridjiTu-lines  and  valley-linea. 

Intermediate  contour-liiiL'S   cjin    bo   interpolated   between 
principal  contour-lines  by  aketching  on  the  ground,  aided  br( 
icnou-n  levels  of  the  points  where  the  rates  of  inclination  of  t 
ridgt"  and  valley-linea  vary. 

The  hori/xmtttl  distance  between  two  adjoining  contour-1 
hv'wji  invffW'ly  as  the  tangent  of  the  nngle  of  inclination  of 
gmun<l,  is  also  inversely  as  the  doptlv  vf  shadow  t<t  lie  used 
express  tho  steepness  of  the  slof*.  "Hill-sketching,"  na  it  is  < 
consists  in  shading  the  slopes  of  hills  upon  the  ground  acoor 
this  principle,  with  the  pencil,  by  drawing  horizontal  lines 
^  the  contour-lines,  and  with  a  deg;rec  ol  c\Qwis&«s»  ^^V^'^^^'^^ 
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Uie  contour-lines  themselves.     Those  pencil  LatcliingB  sro 
toli.<rmediute  contour-lines  sketched  by  hanA* 

ived  ]>]an3  the  shading  of  lulls  is  effected  by  means  of 

les  at  right  angles  to  the  contoui'-Unes,  and  following, 

5wi,  tbo  lines  of  steepest  declivity. 

u  order  that  an  engineer  may  know  how  far  he  can  depend  npon 

jtour-lines  on  a  plan  aa  a  means  of  enabling  him  to  eeli^ct 

liop  for  a  proposed  work,  it  is  necessary  that  he  shmiM 

by  what  method,  and  with  what  degree  of  pi-eeisiou,  their 

JDS  have  been  determined,  and  th.at  he  should  see  upon  tho 

I  the  fHjsitions  and  written  levels  of  the  bench  niarka  and  other 

ic«1  |Kjints  which  have  been  used  during  that  procesij. 

,  CrooB  ftecUo««  may  cross  tlic  centre  line,  or  line  of  the  lon- 

linal  section,  of  a  proposed  work  either  at  right  angles  or 

■  term  i«  applied  to  longitudinal  sections  of  existing  lines  of 
uunication  which  tlie  proposed  work  lius  to  cross.  Such  sections 
lalzcaily  been  referred  to  in  Article  7,  p.  6,  and  Article  8,  p.  7. 
sections  to  assist  the  engineer  in  choosing  the  best  line 
to  in  Article  11,  Division  V.,  p.  10)  should  in  general  run 
:  th«  ridge-lines  and  valley-lines  which  are  to  be  crossed  by  the 
work.  They  should  also  1)©  made  where  the  ground  has 
sp  slope  in  a  direction  transverse  or  oblique  to  that  of  the 
line  of  the  proposed  work, 
sections  to  accompany  the  working  section,  for  the  purpose 
kbliiig  quantities  of  excavation  or  other  work  to  be  measured 
f calculate  exactly  (referred  to  in  Article  11,  Division  XIV., 


tlw  lata  Hr.  Butler  Williams's  Practical  Geo(k$y,  p.  190,  be  describes  in 
tenna  aa  approximate  method  of  drawing  contoor-Iioes  by  the  aid  o( 
I  hOl-niiadiogs: — 

isontal  contoun  can  be  traced  by  the  eye  with  considerable  accuracy,  M|iecUill  v 

i  tiii>  sttrvtyoT  is  asu«te<l  by  the  altitudes  obtained  ia  the  trigonotuelricjil  opcra- 

iR  for  the  oonstniLtion  of  the  outline  map.    The  process  .  .  .  which  I  now 

'  to  describe.  Is  rapid  in  execulion,  and  tolerably  correct  for  a  small  scale  (say 

I  or  two  itschea  to  a  mile),  where  experience  bos  trained  the  eye  to  accuracy. 

adapted  for  reconnoiasancei  of  a  country,  and  ia  much  naed  by  military 

Tlii*  dvU  engineer  wonld,  however,  frequently  find  the  aaine  advantage 

'  it  in  Ms  iireliiDioary  examinations  of  countriea  for  the  purpose  of  selecting 

1  UoM  of  coffiRiuoication. 

I  tha  field,  when  the  eye  is  alone  depended  apon,  the  horizontal  lines  are  traced 
B,  hj  cloae  parallel  hatchings ;  and  when  the  whole  drawing  is  finished,  the 
oontoaa  an  traced  at  the  required  vertical  distances  apart,  by  following  the 
i  dinction  of  the  pencil  lines,  and  checking  their  truth  by  means  of  the  trigono' 
•bvatka*  or  other  heights  tnarke<l  on  the  map.  The  contourx,  wh«n  a 
nplctt  drcttUU  made,  most  return  to  the  point  of  departure;  andific  wcreatteinpto 
'  Urn  e^  alone  to  trace  Doraial  contoun  which  an  isolated  from  each  othbr, 
I  of  pfVTiooa  sxparienoe  would  iitfficn  for  the  attoiuueat  of  the  objocU 

B 


trigono- 

wh«n  a 

tteinptod        ^M 
)thbr,  no       ^M 
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p,  1 1 ),  are  in  general  at  right  angles  to  the  line  of  the  longittu' 
section. 

Gi.  The  wateixiHiTel  ia  an  instrument  uaed  instead  of  the  q 
level  where  long  range  and  great  accoracy  are  unneoeaaary.  It 
sists  of  an  inverted  siphon  tulx;,  fixed  on  the  top  of  a  standi 
nearly  filled  leith  water,  which  may  be  alightly  tinged  to  mal 
the  more  easily  visible.  The  horizontal  part  of  the  tube  {al 
eighteen  inches  or  two  feet  long)  may  be  of  metal :  the  two  vcH 
branchej?  {which  are  only  two  or  thrc«  inches  high)  are  of  g 
Tlie  eru-fuees  of  the  water  stand  at  the  same  level  in  tho«ie  i 
branches;  and  the  levcUcr  obtains  a  horizontal  line  of  aghi 
looking  along  a  Unc  joining  those  two  surfaces,  which  may  be  i 
Bidorod  aa  the  "lino  of  collimation"  of  the  instrument.  \i 
the  distance  of  the^  Btaff  is  so  great  that  the  observer  cannot  i 
the  divisions,  a  staff  of  the  old  kind,  with  a  sliding  vane,  ma* 
used.  (See  Article  49,  p.  83.)  The  water-level  is  oaeful  for  aetij 
vut  the  points  of  contour-linos  intormediato  between  the  h^ 
marks,  being  sufficiently  accurate  for  that  purpose,  and  more  ci 
ditiouB  than  the  telescopic  levelling  instrument. 


M 


CHAPTER  V. 


OF  SZTnSO-OUT. 


Mraishi  Linea.— It  Iias  already  been  stated  in 
11,  Divisiou  Xni.,  p.  11,  that  the  process  of  ranging  ajtd 
(A«  {Om  oonusta  in  marking  on  the  groimd  the  centre 
tbo  proposed  ■work. 
bat  niurking  consists  of  two  operations :  temporaiy  marking, 
ing,  by  means  of  ]X)les;  and  permnnent  marking,  or  settit 
properly  bo  called,  in  wliich  the  principal  marks  are  in  gencr 


thM 


distance  apart  of  the  stakes  usi.d  in  setting-out  the  ceni 
a  proposed  work  varies  considerably  in  the  practice 
eogineers.     In  some  cases,  a  stake  is  driven  at  every  chain 
feet;  in  others,  at  every  100  feetj  while  on  some  works 
fimm  stake  to  stake  has  been  as  great  as  300  feet.     T 
md  money  are  saved  by  adopting  a  long  interval  between  the  stakes, 
but  at  the  expenBe  of  precision. 

For  ranging  straight  lines  of  moderate  length,  the  most  conve- 
nient instrument  ia  a  large-sized  transit  theodolite — ^that  is  to  say, 
one  with  circles  of  six  inches  in  diameter  or  more  (Article  34, 
pp.  54,  00) — because  the  telescope  is  capable  of  being  turned  com- 
pletely over  about  its  horizontal  axis,  so  as  to  range  one  continuous 
e^gbt  line  in  two  opposite  directions  from  the  station.  In  ordi 
tUt  tlus  operation  may  be  correctly  perlbrmed,  great  care  must 
on  the  adjustment  of  the  line  of  colUraation  perpendicul 
izontal  axis  (Article  35,  p.  60),  of  tho  horizontal 
Vr  to  the  vertical  axis  (Aj-ticlc  35,  p.  CI),  and  of  t 
truly  vertical  (Article  35,  p.  58).  With  a  good 
inooUnlite  the  error  in  ranging  a  pole  in  a  straight  line  shouli 
exceed  10"  in  angular  direction;  that  ia  to  say,  about  th: 
at  a  distance  of  a  mile  off. 

very  long  straight  lines,  however,  the  theodolite  ia  rn 
caiact;  and  then  it  becomes  advisable  to  use  a  sm 
IxsTKLTlENT,  Consisting  simply  of  a  telescope  with  a  ho; 
axis,  resting  on  a  suitable  stand,  so  as  to  be  capable  of  bei 
over  in  a  vertical  plane. 

liJesoope  of  a  tnmsit  instrument  for  engineering  purposes 
frxan  tweatjr  to  thirty  inches  in  the  focal  length  of  the 
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object-glas.    At  the  middle  of  tlie  length  of  tLe  trlf»H*i>p«>  tT)l<Jt 
.  LoUow  Bpliere,  to  wliich  are  joined  two  hollow  c 
arms  of  the  horizont^il  axht,     lliose  arms  taper  v  ii< 

where  they  terrainato  in  two  hollow  cylindricsd  piv<its,  whichi 
in  angular  lj«irings  called  Y's,  each  supported  on  the  top  uf  amJ 
the  standards  of  the  frame.    One  of  the8«  Y^s  faaa  a  voKiod  a<^'ii 
Bcrew,  for  raising  or  lowering  it  till  the  horizontal  axis  it 
lioiizontal ;  the  other  has  horizontal  adjusting  screws,  fors 
it  hack  or  forward  until  the  horizontal  axis  is  truly  jwrpeud 
the  vertical  plane  in  which  the  line  of  colliniation  is  iut 
move.     There  is  a  moveable  spirit-level  for  placing  tht> 
zontal,  whose  tise  will  presently  be  described. 

At  the  common  focus  of  the  object-glass  and  eye-piece  in>l 
set  of  cross-wires  carried  by  a  diaphrs^m,   which  Iuls  odja  ''^ 
screws  to  move  it  so  as  to  place  the  line  of  coUimation  (murkcdl 
the  intersection  of  the  centi-al  pair  of  cross-wires)  eiaclly 
dicular  to  the  horizontal  axis.     At    night    the    citjas-wira 
rendered  visible  by  light  which  entcre  from  a  lantern 
one  of  the  hollow  pivots  of  the  horizontal  axis,  and  is  rtA» 
towards  the  cross- wires  by  a  small  obUque  mirror.     The  i 
cast-ii-on  stand  of  the  instrument  rests  on  and  is  screwed  to| 
smooth  level  stone  slab,  forming  the  top  of  a  massive  stone  or  1 
pedestal,  built  on  a  firm  foundation.     Tl»e  building  which  abelt* 
the  instrument  should  be  entirely  disoonnectod  fi-om  the  pede 
otherwise  tho  vibrations  produced  in  it  by  the  wind  will  be 
municated  to  the  instrument. 

To  facilitate  the  placing  of  the  instrument  exactly  in  a  gi^ 
alignment,  the  frame  sometimes  rests  on  a  lower  frame,  like  ( 
slide-rest  of  a  lathe,  along  which  it  can  be  slid  sideways  into 
required  position  by  the  action  of  a  screw. 

The  adjustments  of  the  tninsit  instrument  are  as  follows : — 

(1.)  2^0  ^>/ace  M/f  line  of  coUimation  exactly  perpetuli-^'''^^  >« 
Itorizanhil   <uis. — Direct    the  cross-wires  towards  a 
ptiint  in  a  distinct  object;  lift  the  telescop<3  with  its  axi- 
Y's,  turn  it  over,  so  as  to  reverse  the  j)osition  of  the  axis  end 
end,  and  set  it  down  again :  if  the  cross- wires  cover  exactly  I 
same  object,  the  adjustment  is  correct ;  if  not,  correct  onc^lial^ 
the  error  by  the  horizontal  adjusting  screws  of  one  of  the  Va,  i 
the  other  half  by  the  adjusting  screws  of  the  dia]>hragiu.     Re 
the  process  till  the  adjustment  is  perfect. 

(2,)  To  place  the  Iwrizt/ntal  axis  truly  horisontaL — Thn  s(il 
level  has  two  feet,  which  are  to  be  placed  striding  aci  ■ 
scope  BO  as  to  rest  on  the  two  pivots  of  the  horizoutul 
lively.     Bring  the  bubble  to   the  middle  of  the  level  by  tarS 
the  vertical  adjusting  sa-ew  of  one  of  tlio  Y's;  i-ovcrso  Ui« 
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fcl  en«l  for  end :  if  the  bubble  remains  at  the  centre  of  the 
adjiutnient  is  correct;  if  not,  correct  one-lialf  of  the 
ly  the  vertical  adjusting  screw  of  the  axis,  and  the  other 
B  adjuHting  screw  which  regulates  the  height  of  one  of  the 
)  iipirit-le%-eL  Repeat  the  operation  till  tlio  adjustment  ia 
Ibd  be  careful  to  remove  the  spirit-level  before  moving 

» the  plane  of  motion  of  the  line  ofeoUimation  exactly ^m 
plane  traversing  two  dietant  atationa  at  opposite  sidea^^M 

is  to  be  built  as  nearly  in  the  true  alignment  as 
1b  by  oi"dinary  methods  of  ranging,  and  the  upj>cr 
the  flat  stone  which  forms  the  top  is  to  bo  carefully 

it  instnuuent  having  been  set  on  the  pedestal,  and  its 
"on  adjusted  perpendicular  to  the  horizontal  axis,  is 
by  hand  until  the  telescope,  being  turned  alternately 
directions,  points  nearly  towards  the  signals  maikiiig  the 
of  the  line;  observing,  that  when  the  line  of  coUima- 
to  the  same  aide  of  both  signals  (for  example,  in  a 
orth  and  south,  to  the  east  of  both,  or  to  the  west  of 
deviation  is  to  bo  corrected  by  shifting  tlae  stand  side- 
d  that  when  the  line  of  collimation  deviates  to  opposite 
IB  signals  (for  example,  to  the  east  of  one,  and  to  the  W( 
Iher)  such  deviation  is  to  be  corrected  by  turning  the 
if  about  a  vei-tical  axis.  This  is  the  first  approximation 
pient.  A  second  approximation  is  made  in  the  same 
pifier  having  levelled  the  horizontal  axi^;  and  then  the 
»  marked  for  the  screw  sockets.  The  instrument  having 
Erred,  the  holes  for  those  sockets  are  to  be  cut,  and  the 

Nn  them  with  lead, 
uent  is  then  replaced,  and  approximately  adjusted  as 
e  screws  for  fixing  it  to  the  jjedestal  are  inserted,  but 
ned.  The  instrument  is  finally  adjusted  by  the  aid  of 
Dntal  adjusting  screws  of  the  horizontal  axis,  and  the 
BWB  are  tightened.* 

la^Bg  kb4  t^tuinff^mt  Cmrre^ — The  cTirved  parts  of  rail- 
lire  to  be  set  out  with  great  precision.  The  form  almost 
\y  adopted  for  them  is  that  of  cii-cular  arcs,  though  in  a 
icea  other  forms,  such  as  that  of  the  parabola,  have  been 
here  are  reasons  for  thinking  that  the  best  form,  in  a 
ll  point  of  view,  is  that  called  the  "elastic  curve,"  which 
of  uniform  transvene  section  takes  when  bent:  (on  this 
iaUOt  ea  tbia  lobject  an  girm  in  Mr.  Siioiiu'l  WOtk  On  Practical 
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gtibjeot,  see  Article  434,  page  651).     The  only  anethotls  whidi 
be  described  here  are  three  of  those  of  stttiug  out  circular  cun 
the  method  by  angles — the  method  by  ullsets — and  the  method  I 
bisections  of  arcs. 

Method  I. — Setting-out  Cireular  Curves  by  AnffUt  at  tk* 
cwmfcrxnce, — ^This  ia  the  only  method  by  which  circulur  curm  i 
be  set  out  at  once  as  quickly  and  as  accurately  aa  straight  [' 
It  depends  on  the  well-laiowii 
that  the  angle  snbtcnded  \iy  any  I 
a  circle  at  any  point  in  the  cii 
of  the  same  circle,  is  one-half  of  the 
STihtended  by  the  same  arc  at  the  ( 
of  the  drolei     For  example,  in :' 
A  B  is  an  arc  of  a  circle,  C  a 
the  circumference  of  the  same  ax 
beyond  the  arc.     The   angle  A 
one-half  of  the  angle  8ubt«-nded  by" 
at  the  centre  of  the  circle.     When  tho  point  at  -which  the  an^f 
measured  lies  upon  the  arc,  as  at  E,  it  is  the  angle  B  E  F  =  AT 
between  tho  liuo  drawn  from  one  end  of  the  arc  and  the 
tion  of  the  line  from  the  other  end,  that  is  equal  to  half  th«  i 
at  the  centre  of  the  circle.     When  the  point  at  which  the  i 
meaauxed  ia  one  of  the  ends  of  the  turc,  aa  A,  it  is  the  angle  D  A1 
between  the  tangent  of  the  arc  and  ita  chord,  that  has  the 
property. 

To  express  this  by  a  formula ;  let  a  denote  the  length  of  the  I 
r  the  radius  of  the  circle  j  then — 

Angle  at  ths  circum/ermee  in  minutea 
^AOB  =  FEB=DAB=:^Mlfl*J^if^^ 

0) 


Fig  48. 


=  1718'-873"   

r 

(The  co-efficient  is  the  value  in  minutes  of  one  half  of  the  aro  equi 
to  radius;  see  p.  37.)  t 

*  Thia  mediod  of  setting-ont  cnrrei  by  uigln  wu  pnblUied  lor  tbeflnt  Oath 
paper  rcftd  to  the  iDStitnlioo  of  Civil  Engineeni  oo  tba  Uth  ol  Uaich,  1843,  hf  i 
ttttlhnr  of  this  work,  who  hAd  first  pnutlMd  it  in  1841.  Methods  of  lettiaj^ 
rnr\t!9  by  the  theodolite  bad  prevlowlj  been  employed  by  Captjda  Vetch 
Qnvutt,  bat  they  bad  DOt»  to  far  as  the  nthor  knowt,  beoo  pablidwd  beta 

t  Americaa  enginaen  deeotfbe  the  ahaipimi  of  cttms  bjr  Btatiag  the  onatar. 
degree!  b  the  aogle  mbtendcd  at  the  centra  by  an  arc  of  100  feit  ia  lengtb^ 
"Q^  th^  ctQ  iSt  "  angle  of  dcfleotion."    Ita  value  la 

6720-6 
Aii«U  rf  deflection  in  »taB««  =  :jj;^^  ^-^^. 
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jig  tliat  principle  to  practice,  the  best  instrument  is  a 
|nt  ilieodolite,  wliidi  will  range  the  positions  of  polea  at 
•<rf  half  a  mile  to  the  accumcy  of  an  inch  and  a-half. 
taller  instrnment, 
I  must  be  shorter, 
iiaDkB& 

Fmsr.*  To  set 
IT  curve  touching 
itaight  lines,  when 
|f  intersection  of 
tit  lioee  IB  acoes- 
I 

(lekBA,  CA,b© 
Mght  lines,  iuter- 
k.  Set  the  theodo- 
ind  measnro  the 

-which  denote  by  A ;  then  lay  off  the  two  equal  tan- 
A  C,  as  calculated  by  the  following  formula  (in  which 
lod  tadius  of  the  curve): — 


Rg.  49. 


KS 


AB  =  AC  =  rcot*n 


5 


•(2. 


■will  be  the  ends  of  the  curve,  where  it  touches  the 

n. 

enient  (though  not  always  necessary)  to  find  the  middle 
}  curve.  For  that  purpose,  range,  by  means  of  the 
be  line  A  D  bisecting  the  angle  at  A;  and  lay  off  the 

V  AD  =  rYcosccA_lV (3.) 

be  the  middle  point  of  the  curve. 
t  B  and  C  (and  also  D,  if  marked)  should  be  marked 
ktinguished  in  some  way  from  the  ordinary  stakes  which 
|1  along  the  centre  line  at  equal  distances  of  one  chain, 
or  some  other  distance. 

da"  oae-degR«  cnrre,"  b  two-degrea  c«tt«^"  nod  so  on,  according 
leflecUon.    Uesoe, 

'iiuo  dimiM    cnrre"  metns  n  cnrre  of  5729 'G  feet  rodioii 
'•Iwo-d^m  curvo"     —        —  28G4-8  —     — 

'Itaw-degw*  curve"     —        —  1309-0  —     — 


iaHWtm'  proUana  ia  Mtliog  oat  eotves,  •*•  Artida  4S4, 


I 
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TLe  total  length  of  the  curve  is  fonnd  by  the  forranln. 
Arc  B  0  =  •  0002909  r  x  supplemeut  of  A  ia  luiQutea.,.! 

Any  one  of  the  points^  B,  0,  or  D,  will  auswer  as  a  st&tk)& 
the  theodolite  in  ranging  the  curve.     The  oommenoemt-nt 
curve,  B,  is  the  station  that  involves  the  simplest  opt-ratioi 
■when  the  length  of  the  cun^e  exceeds  about  half  a  mile,  the 
point,  D,  ia  the  best  station  na  regards  accuracy  and  convenJMioe. 

The  following  is  the  process  of  ranging  the  curve  with  the  tbi 
dolite  f>liinted  at  its  commencement,  B : — 

For  brevity's  sake,  the  distance  between  the  stakes  wliich  m! 
the  centre  line  of  the  projwscd  railway  will  be  called  "a  CI 
whether  it  is  66  feet,  100  feet,  or  a  gi-eater  distance. 

Let  0,  in  fig  49,  represent  the  last  stake  in  the  portion  of 
straight  line  immediately  preceding  the  curve;  the  distance 
from  the  commencement  of  tlie  curve  to  the  first  stake  in  it  will 
the  difference  between  one  chain  and  o  B,     The  angle  at  the 
cumferenoe  subtended  by  the  arc  B  1  having  been  calculated 
equation  1,  ia  to  be  laid  off  by  the  thc-odolite  from  the  tani 
B  A,  the  zero-point  of  the  azimuth  circle  being  directed  towards 
The  line  of  collimationi  wiU  then  point  in  the  proper  directifin 
the  fii-st  stake  in  the  curve,  1 ;  and  its  proper  distance  from  B ' 
laid  off  by  means  of  the  chain,  its  position  will  be  determined 
once. 

The  angles  at  the  circumference  subtended  by  B  1  + 1  chuib 
B  1  +  2  chainn,  B  1  +  3  chains,  «tc.,  being  also  calculated,  and  lui*! 
off  from  the  tiingent  B  A  in  succession,  wiU  respectively  gi\-e  the 
proper  directions  for  the  ensuing  stakes,  3,  3,  4,  ifec,  which  »J* 
at  the  same  time  to  be  placed  successively  at  uniform  distances  of 
one  chain  by  means  of  the  chain. 

The  difference  between  an  arc  of  one  chain  and  its  chords  on  anj 
curve  which  usually  occurs  on  railways,  is  in  general  too  small  to 
cause  any  perceptible  error  in  practice,  even  in  a  very  long  dirfaiicv ; 
but  should  curves  occur  of  unusually  short  radii,  it  is  easy  i'> 
late  the  proper  chord,  and  set  it  off  from  each  stake  to  thf 
instead  of  one  chain,  the  length  of  the  arc.     For  this  pur[K> 
following  approximate  formula  is  tisefxd,     I^et  t  be  the  radium,  u  » 
arc,  and  c  the  chord ;  then — 


«=«(i-2f^)^««jJy- 


.(5.) 


When  the  curve  is  ranged  with  the  theodolite  at  D,  or  at  aOJi 
other  intermediate  point  in  the  curve,  or  at  its  ten   " 
process  is  precisely  the  same,  except  that  the  zi 
•nuxuth  cirde  is  to  be  turned  towardit  B  instead  ui  A ;  oud 


I 

ibii 
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IKD  the  chain  paases  the  theodolite  station  (for  example,  in  going 
|m  stake  i  to  stake  5  in  fig.  49,  with  the  theodolite  at  D),  the 
IsMope  is  to  be  ttumed  completely  over. 

When  the  inequalities  of  the  ground  make  it  impossible  to  range 
|tire  curve  from  the  stations  B,  D,  and  C,  any  stake  which  has 

been  placed  in  a  commanding  position  -will  answer  as  a 

for  the  theodolite. 

stakes  or  poles,  after  having  been  ranged  by  the  theodolite, 

have   their   positions  finally  checked   and   adjusted  by  a 
cation  of  the  method  of  ofisets,  which  will  afterwards  be 

ed. 

Second. — To  set  out  a  circular  curve,  touching  two 
bcB  straight  lines,  when  the  point  of  intersection  of  those  lines  is 
Leswdble. 

I  In  fig.  50,  the  lines  to  be  chained  on  a. 

|0  ground  are  represented  by  full  lines ;  ,''^\^ 

hOM  whose  lengths  are  to  be  calculated  /       \ 

li^are  dotted.  ^ 

Let  B  A,  C  A,  be  the  two  straight 
DM^  meeting  at  the  inaccessible  point 
«  Oiain  a  straight  line  D  £  upon 
peasble  ground,  so  as  to  connect  those 
irotftsgentA.  The  position  of  the  ?ran<- 
tnal  D  E  is  arbitrary ;  but  it  is  conve-  ^'v-  6®- 

pent  so  to  place  it  that  it  ivill  cut  the  proposed  cmre  in  two  points, 
fiiich  may  be  determined,  and  used  aa  theodolite  stations. 
Measure  the  angles  B  D  £,  D  £  C,  which  may  be  denoted  by  D 
"  ~     Then  the  angle  at  A  is 

A  =  D  +  E-180°i (6.) 

AD  =  DE-$^;  AE  =  DE.^i (7.) 

sin  A  Bin  A  ^    ' 

A  A 

DB  =  r'cotan-5--ADj  E  O  =  r'cotan  ^ -A  E; ...  (8.) 

ad  b^  laying  off  the  distances  D  B  and  E  C  as  thus  calculated,  the 
fids  of  the  cuTO  B  and  C  are  marked,  and  it  can  be  ranged  from 
ither  of  those  stations  as  in  Problem  First. 

Bot  it  is  often  convenient  to  have  intermediate  points  in  the 
ttrvB  for  theodolite  stations ;  and  of  those  the  points  of  intersec- 
with  the  transversal,  H  and  K,  and  the  point  G,  midway 
these^can  easily  be  found  by  the  following  calculations,  in 
which  a  table  of  squares  is  useful. 

the  point  oa  the  tmrusversal  midway  between  H  and  K. 
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If  BD  =  OE,  tbe  point  F  is  at  the  middle  of  DK     If  BDani 
*C  E  are  unequal,  IH  B  D  be  the  greater ;  then  the  position  of  f  is 
g^ven  by  either  of  the  two  following  formuls : — 

^        DE    BPa-Cg.  _■-    DE    BD«-OB» 


2D£ 


2DE 


The  point!  H  asd  K  are  at  equal  distances  om  each  aide  of  F, 
given  by-  either  of  the  following  expreatdooa: — 


*  +  CE»l 

GO.) 


a^(DF!-BD3)  =  ^(EF«-CES). 


The  eqoationB  9  and   10  are  deduced  from  the  tiro  foUowinj 
[^bich  may  bo  used  in  order  to  check  tbe  calculations,  and  are  giw 
a  form  suitable  for  the  uae  of  a  table  of  squarea: — 


B  D- D  H  •  D  K  ,  (^HiDK2-(DK- DHT . 

E  (?=E  H  •  E  K  =2=i5^£#=::5^'- 

4 


(11.) 


The  point  G  in  the  curve  is  found  by  setting  off  the  ordinkto 
P  G  perpendicular  to  D  E,  of  the  following  length: — 


F  Q=r-  ^»*-FH«. 


(12)1 


The  angles  mhteoded  at  the  centre  of  the  curve  by  the  several  area 
between  die  oonunenceinent  B  and  the  points  H,  G,  K,  C,  an  u 

follows: — 

FH  ' 

AngleBubteodedattheoentrebyBH=  180°  — D— arcain — -; 

—  —        —        —         B0=180"-D; 

FH     (13^) 
_        _        _        _         BK  =  180°-D  +  arcain^'^^ 

r 

—  —        —        _       BO=180°-A  =  3G(y-D-E; 

and  the  length  of  any  one  of  those  arcs  may  be  computed  by  mauf 

of  the  formula, 

Are=  •  0002909  r  x  an^e  9k  centco  TavxDMBitefc. ...  (14.\ 
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of  sach  oompatations  will  appear  in  the  next  problem. 

KJ  oocor  in  which  obstacles  upon  the  ground  render  it 
'  to  Bwke  one  or  both  of  the  ends  of  the  transversal  D  E 

■taught  taageuta  heyoTid  the  ends  of  the  curve.     The 
the  formulxe  already  given  ooutinae  to  be  applicable,  wit 
'>llowing  modihcations. 

lies  further  from  A  than  B  does,  D  B  is  n^ative  in  the" 

A 
equations  8 — that  is,  A  D  is  greater  than  r  *cotan  -s 

it  H,  as  fbnnd  hj  means  of  eqiiation  10,  lies,  not 
be  nnged,  but  on  the  continuation  of  the  same  circle 


•he 

it^ 

bh^^ 


lies  further  firom  A  than  C  does,  E  C  is  negative  in  the 
the  equations  8 — that  is,  A  E  is  greater  than  r  •  cotan 

be  point  K,  as  found  by  means  of  equation  10,  lies,  not 

i  to  be  ranged,  but  on  the  continuation  of  the  same  cii-cl^i 

int  O  always  lies  on  the  arc  to  be  ranged.    The  long^^ 
Ate  F  G  is,  the  more  carefully  must  it  te  set  off  at  right 
tho  transversal  ^hI 

ai  Thibd. — ^To  set  out  a  circular  curve  touching  two  give^H 
ines,  when  part  of  the  curve  is  inaccessible  to  the  chain.    ^^ 

Flint  of  intersection  of  the  tangents  is  accessible,  the  two 
curve  are  to  be  determined  and  marked  as  in  Problem 
alao  the  middle  point  of  the  cm^'e,  unleaa  it  lies  on  the 
le  ground ;  and  the  length  of  the  curve  is  to  be  oompnted 
on  4. 

point  of  intersection  of  the  tangents  is  inaccessible,  tho 
of  the  curve,  and  at  least  one  intermediate  point,  are  to      | 
^tned  and  marked  by  the  aid  of  a  transversal,  as  in  Problem 
^  tite  lengths  of  iltte  arcs  bounded  by  those  points  are  to 
(ted  by  the  formnls  13  and  14. 

tveraal  may  be  useful  even  when  the  point  of  interscctii 
innti  ii  Msoeasible, 

FtiM  peiots  thus  marked  will  serve  either  as  a  theodolite 
r  M  citation  to  chain  from,  or  for  both  purposes;  and  the 
big  between  the  obstacle  and  the  next  station  beyond  it 
planted  by  chaining  backwards  from  that  station. 
e,  for  example,  that  the  commencement  of  the  curve  (B), 
ohaixis  60  lizikB  from  the  commencement  of  the  line,  or 
The  firs*  siake  in  the  curve  will  be  40  links  from 
**  pefr  244."     Now.  snpjtoBe  that  pegs  245  and  24G 
by  cbainmg  torwurda,  bat  th&t  an  obstacle  occurs  ill 
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conrae  of  the  next  chain.  I^t  G  denote  a  station  in  the  cunt 
beyond  the  obstacle,  found  by  means  of  a  tranBvenal  or  othenrii^ 
and  let  the  arc  B  G,  computed  by  the  proper  formulft,  bo  0  chaim 
2U  links.  Then  G  ia  243  •  GO  +  6  •  20  =  249  chains  80  linlu  fipom 
"  I>eg  0,"  and  lies  between  peg  249  and  p^  250.  Peg  2-i9  ii 
planted  by  chaining  backwards  80  links  from  G,  and  p^;s  248 
247  by  centinviing  to  chain  backwards.  Peg  250  is  plan' 
chaining  forwards  20  links  from  G,  and  pegs  251,  itc,  by  con 
ing  to  chain  forwards.  The  ningiiig  of  the  angular  direci ' 
the  stakes  from  a  theodolite  station  pi*e8ents  no  peculiarity. 

I,  ^  Method  II. — JSeltiaig-outCiraUarCurm 

I             B^ — ^  In  fig.  51,  let  A  0,CE,  EG,  be  »  Man 

I             /^o"^  ^^  equal  or  unequal  chords  inscribed  in  t 

I           j^  circle.     Produce  A  C,  to  D,  making  C  D 

I        A/  =  C  E ;  join  D  E.     The   distance  D  fi 

L        '             r.     «i  "  called  the  "  offset/'  and  ita  value  k 

^L              ^^-  ^^  almost  exactly 

I         Let 

I  If. 


DE  = 


OE  AD 

2r      ' 


(15.) 


Let  0  £  and  E  O  be  two  equal  chords;  then  the  o£Eaet  is 
FG  =  «^.  


(16.) 


If  A  B  b  a  tangent  to  the  curve  nt  A,  and  0  B  a  perpendicular 
let  fall  upon  it  from  0^  that  perpendicular,  being  the  qffiut/rom  Aa 
tangent,  is 


BO: 


AC? 


(17.) 


Probleh  FotTRTH. — To  Set  out  a  circular  curve  by  offsets,  omB' 
nicnciug  at  a  given  jwint  on  a  straight  lino  (fig,  51). 

Let  A  be  the  commencement  of  the  curve,  found  as  in  Problem 
First,  and  marked  with  a  (jole ;  A  B  the  prolongation  of  the  straight 
lino  (Iwing  a  tangent  to  the  curve),  and  B  the  end  of  the  chain  whea 
laid  alodg  that  jirolongation  from  the  last  stake  in  the  straight  line. 
Plant  a  small  pole  at  B,  calculate  the  offset  B  C  by  equation  17, 
shift  the  end  of  the  chain,  and  the  pole  along  with  it,  sideways  from 
B  to  0,  keeping  the  chain  tight,  and  leave  tie  pole  at  0. 

Drag  the  chain  onward  in  the  prolongation  of  A  C ;  range  a  pole 
at  D  in  a  straight  line  with  A  and  C,  and  at  one  chain's  distanea 
'■^m  0;  shift  the  pole  and  the  cud  of  the  chain  through  the  o&ei 

■^  ca/cuiated  by  equatioa  15« 
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Dng  Hub  ebun  onward;  range  a  pole  at  F  in  a  etraight  linn 
di  C  Slid  E,  and  at  one  chain's  distance  from  E ;  shift  t}ie  jwlo 
1  til«  «»d  of  the  chain  thrcmgU  the  ofl'set  F  G,  calculated  by 

16;  leave  the  pole  at  G,  and  so  on. 
If  this  prooeGB  could  be  peribrmed  with  absolute  precision,  the 
m«  woxild  t«'nninate  bv  exactly  touching  the  fnrther  tangent 
point  of  contact  found  as  in  Problem  Pirst.  But  this  never 
place  at  the  first  trial,  except  by  accident;  for  any  small 
in  laying  off  the  offset  produces  an  error  in  the  position 
stake,  increasing  nearly  as  the  square  of  the  distaiico  from 
roencoraent  of  the  curve.  If  the  final  error  ia  considerable, 
mrve  mast  be  langed  over  again,  imtil  by  successive  trials  the 
error  has  been  reduced  to  one  not  exceeding  about  ten  links ; 
the  pottitions  of  the  stakes  are  to  bo  finally  adjusted  by 
round  the  curve  once  more,  and  shifting  each  stake 
lys  through  a  distance  proportional  to  the  square  of  ita 
&tance  from  the  commencement  of  the  cun'c. 

Although  this  method  is  clumsy  and  tedious  as  a  means  of 
napng  curves,  it  is  very  useful  for  testing  the  unifarmity  of 
emifaifcof  cuni'ea  already  ranged,  and  for  rectifying  the  jMjsitious 
cf  iBdividual  stake?  to  the  extent  of  an  inch  or  two. 

MzTHOD  UL — Pbobleh  Fifth. — To  act  out  a  circular  cvrvi  hy 
mtmm  bitectioru  of  area. 

^Ba  it  a  method  to  be  used  only  in  the  absence  of  angular 
iBBnenta,  It  depends  on  the  fallowing  relation  between  the 
BPm  mne  of  an  angle  fi  and  that  of  its  half; 


in|=l-\/> 


Tenui 

Totpply  this  principle,  let  B  A, 
Cl,  in  fig.  52,  be  the  two  tan- 
patt,  and  B  and  C  the  ends  of 
I^  carve,  so  placed  that  A  B  and 
A  0  ahali  be  equal,  but  lea^-ing 
the  ndiofl  to  be  found  by  calc\tla- 
ion.    Measure  the  chonl  B  C. 


versin  B 

2      ' 


(18.) 


Fig.  62. 


Then  the  simplest  proceis  for  finding  the  radius  is  to  use  the 
ing  formtila : — 

ABBO 

-B^; (19) 

4 
Hm  triangle  A  B  0  is  in  general  "  ill-coDditloued,"  it  is 
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more  accarate,  though  more  laborious,  to  bisect  B  O  ia  £,  me 
A  £,  and  make 


r  = 


ABBE 
AE      • 


(194.) 


Calculate  the  Tcrsed  sine  of  the  angle  A  B  £  =  B,  vhich  is  i 
subtended  at  the  centre  bj  cue-half  of  the  curve,  aa  followe  :— 


versin  B  = 


AB  — BE 
AB       ' 


(sa) 


and  by  means  of  equation  18  (using  a  table  of  squarc^i  if  o&e  bi 
hand)  calcuLiito  the  versed  sines  of  ■^,  -r,  3,  Acj   iu 

observing  that  Tersin  B  enables   one   intermediate  point  in 

B  B 

curve  to  be  found,  versin  ^,  three  points,  versin  — ,  aaven  poinfa 

and    generally,  that  versin  ^   enables  2"  +  *  —  1  ict«;rmediat< 

points  in  the  ciirve  to  be  found. 

From  the  middle  E  of  the  chord  BC  and  [teq-ti'ilh  ul  ir  1 
lay  oil"  the  oUset  E  D  =1  r  vei-sin  B;  D  will  be  the  miJ.ili  j«  ' 
the  curve. 

Chain  and  bisect  the  chords  B  D,  D  C,  and  from  ^eir : 
points  and  perpendicular  to  them,  lay  off  the  ofiets 


H  K  =r  I  L  ^  r  versin 


B 

2'- 


(a.) 


K  and  L  will  be  points  in  the  curve,  midway  respectively  bett 
B  and  D,  and  between  D  and  C;  and  so  ou  until  a  suiBdfl 
number  of  points  have  been  tnai-ked  by  poles. 

Then  chain  round  the  curve  as  ranged  by  the  {x>le$i,  and  inf ' 
stakes  at  cqiud  distances  apart. 

The  uniformity  of  the  curvature  may  be  finally  checked  Vy 
Method  II. 

64.  nickiaicoat  the  centre  line  of  a  proposed  work  cooaiiiti  i& 
cutting  a  small  trench  about  six  inches  wide,  to  maj'k  the 
line  in   Uie  intervals  between   the   stakes.     The   surface 
pnund  ought  to  be  left  undisturbed  for  a  short  distance ' 
side  of  each  stake. 

Where  the  centre  line  crosses  fences  and  buildings,  it  shoold  1 
distinctly  marked  by  notches  or  groovea, 

65.  FnwiMl  Jtoain  mt  ikm  JL4ae  mi4  I«crr«li  STB  OSUftDy  < 
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lacger  dimensions  than  ibose  trhich  mark  the  centre  line,  and 
Bed  «o  fiar  to  either  side  of  it  that  there  is  no  risk  of  their 
ng  distarbed  during  the  progress  of  the  work,  by  which  the 
da  an  tlie  oentire  line  itself  are  obliterated. 
Ehe  places  vhere  permanent  marks  of  the  coxirse  of  the  line  are 
efly  iwjuired  are  on  the  tangents  of  corvea, — their  distances  from 
I  otdfl  of  the  curves  being  noted,  bo  as  to  enable  both  the  curves 
i  the  Btraight  lines  which  connect  them  to  he  ranged  over  again 
any  time.  Any  important  point  on  a  curved  or  straight  part 
the  centre  line  may  be  permanently  marked  by  dri^'ing  two 
iksB  in  a  straight  line  passing  thrr*ngh  it,  one  at  each  side  of  the 
•  of  the  work,  and  noting  its  distances  from  them,  or  by  any  of 
imouis  described  in  the  second  |taiagraph  of  Article  21,  p.  17. 
Stika  to  be  used  as  jienuanent  bench  marks  for  the  levels  of 
ework  are  about  three  or  four  feet  long,  and  four  inches  square, 
oped  round  the  top  with  iron  to  prevent  the  head  from  being 
nabed.  One  of  the  best  ways  to  form  a  Hrm  surface  for  the  staff 
Mt  on  ia  to  flrive  into  the  liead  of  the  siaJcc  a  long  iron  .spike 
ith  B  largo  convex  head;  the  iip|)ermost  point  of  the  convex 
irfiuM  of  tliat  head  is  the  bench  mark.  Such  marks  are  to  be 
aoed  near  the  sitea  of  all  proposed  pieces  of  masonry,  and  other 
noturcs  of  im]K)rtance,  and  near  the  ends  of  cuttings  and 
ahukments ;  and  opposite  points  where  the  rate  of  inclination  or 
mdiaU  of  a  propoGcd  railway  is  to  change.  ^| 

As  soon  as  any  piece  of  masonry  has  been  bnilt  high  enough, 
IB  or  more  bench  marks  should  be  made  on  the  masonry  itself,  to 
fokte  the  leveU  to  which  the  remainder  of  the  structure  is  to  be 
lilt 

66,  WaHdac  Secriaa  mad  i,rrri>B»«k. — The  nature  of  a  working 
ction  has  already  been  explained  generally  in  Article  11,  Division 
IV.,  p.  11,  and  in  Article  16,  p.  15.     The  levels  taken,  in  order   ^| 
jirepero  it,  consist  for  the  most  part  of  those  of  the  stakes  planted   " 
mark  the  centre  line,  which  are  driven   until  their  heads  are 
1^  with  tlie  ground.     Should  any  inequality  of  the  groimd  occur   ^_ 
tweena  two  stakes,  enough  of  additional  levels  and  distances  must  ^M 
tkken  to  enable  an  exact  vertical  section  of  it  to  be  plotted ;  and  ^* 
i  levels  of  c^'cry  line  of  commimication  and  other  important 
\eet  must  be  taken  where  it  is  crossed  by  the  centre  line.     The 
el  of  every  stake,  and  of  every  line  of  communication  crossed,  ia 
be  iaikea  twice  over.  ^m 

hit  to  aoales  for  working  sections,  see  p.  7>  H 

Tram  Section*  have  already  been  referred  to  in  Article  60,  p.  97. 
bm  the  groimd  is  uneven  sideways,  they  may  be  required  at 
h  Bbake.  In  general,  they  ahoidd  be  ranged  accurately  at  right 
oentje  hue,  and  should  be  plotted  without  exi^gera- 
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lion ;  their  vcrticnl  and  hnriznntiil  Bcalee  being  the  fsamp  with  th 
vortical  acale  of  the  lorigitiiilinal  aectioa.    All  cross  sectiooa  should  h 
plottedM»eonliy  lookiiig/orteardjtowards  them  along  thecentreliufl 
The  I<«Tt)l-Bo«h  of  thu  working  section  of  a  line  of  coniniuniot 
tion  in  a  iKiok  containing  a  complete  statenient  of  the  levels  of  tlii 
ground  iind  of  thu  intended  work,  and  of  other  information  whid 
will  prcwutly  Iw  Biwcificd.     Each  folio  of  the  book  is  divided  ink 
iicv«;nLl  cwluniuH,  whose  number,  arrangement,  and  contents  diffi 
in  tht)  practice  of  diHorcnt  cnginctjrs.     The  following  statement  i 
the  contents  of  the  scvLmil  columns  of  a  level-book  may  be  takeni 
an  example.     It  is  speciiiUy  adujited  to  a  nulway,  but  may  V 
made,  by  slight  modificatitT^tis,  to  suit  other  kinds  of  works:  — 
(Jolumu  1.  Numbers  of  the  stakes  planted  at  equal  intcrvaU  of 
CG  feet,  100  feet,  300  feet,  or  some  other  distance 
along  the  centre  line.     The  stake  at  which  thu  Una 
commences  is  numbered  0. 
Column  2.  Distancefl  fi>om  the  commencement  of  the  section,  i| 

linka  or  feet,  as  the  case  may  be. 

ColumQ  3.  Deiicriptions  of  objects  between  the  equidistant  (t>ki 

such  as  fences,  streams,  roads,  canals,  railways,  in- 

termediaie  stakes  at  ends  of  curves,  &c, 

Ccdumn  4.  Levels  of  the  ground  at  the  stakes,  and  between  tbng 

when  neceasary,  and  of  bench  marks. 
Coluiun  5.  Intended  level  of  the  upper  surface  of  the  railway  {( 

other  proposed  work.) 

Column  6.  Formation  level  (that  is,  level  of  the  gronnd  wlm 

prepared    by  excavation  or  embankment  for  tk 

completion  of  the  work). 

Column  7.  Depths  of  cutting,  ]  aa  calculated  by  taking  the  diiTw 

Goluuin  8,  Ilfightsof embank-  >  encea  between  the  numben  tl 

nieut,  J  column  4  and  column  6. 

>  Eato  of  lateral  slope  of  the  ground,  if  any,  to  tiu 

■|    .^ .     I  of  the  centre  line,  specifying  whether  J 

rises  or  falls  from  the  centre  line:     If  the  slope  a 
tbe  ground  is  irregular,  reference  may  be  made  to 
oroas  section. 

V  Breadths  of  land  required  for  works  only  (eidU! 


Column  9. 
Column  10. 

t Column  11. 
Column  13. 
L 


the  centre  lim 


eive  of  fences)  to  the  <    .  ,  .  >  of 

Tlieee  are  called  "haif-breadtht."    The  method  a 
calculating  them  will  bo  described  under  the  head  tt 
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lU 


[cd^  u]  '^"^  f^/f^readtJ^  to  the  {  J^^Jof  the  centre 

line,  found  by  adding  the  intL-ndeJ  breadth  of  the 

fencing  to  the  hulf-brt?adths  in  columns  11  and  12. 

I  Colunui  15.  Aii|{les  at  which  streams,    roads,  canals,    railways, 

ikc,  cross  the  centre  line,  stating  (if  the  angles  are 

oblique)  whether  the  acute  angle  lies  to  the  le/l  or 

ri^ht  oi  the  centre  line  looking  forwards. 

•  GoIttnuQ  16.  B«inarks : — Comprising  positions  of  permanent  marks, 

rate.s  of  inclination  or  gradients,  radii  of  curves, 

Bi»an8  and  head-room  of  bridges,  tunnels,  and  arches 

of  viaducts,  alterations  of  level  of  existing  lines  oi 

communication,  «kc., — the  whole  accomjMxnied  by  a 

sketch  of  the  working  section. 

■vn.. ..  rrn  existing  line  of  communication  is  to  be  altered  in  posi- 

\\  •  1  for  the  pux"!  >ose9  of  the  proiwsed  work,  a  working  section. 

>rks  required  for  suchultei-ed  line  should  be  prepared  in  the 

ue  manner  with  that  of  the  princijml  work,  and  its  dcMCi-iption 

cried  in  the  level-booL 

07.  if*nim9-*ut  Woptm  *Bd  Brrndihs  of  iiand  (already  referred  to 

tide  11,  ]).  11)  is  performed  by  laying  off  the  half-breadths 

t  work  and  the  total  half-breadths,  as  calculated,  exactly  at  right 

to  the  centre  line,  mai-king  their  ends  with  stakes,  and 

Bines  also  nicking  out  lines  so  as  to  connect  those  stakes,  and 

the  bountlaries  of  the  earthwork  and  the  boundarie)*  of  the 

to  Ikj  occui)ied  respectively.     A  tcmfHjraiy  fence  is  made,  as 

an  143  possible,  along  the  outer  of  these  boimdaries. 

He  ij«»d-Fioiiii  (referred  to  in  the  siune  jjuge)  are  prepared  by 

jg  the  total  half-breadths  on  the  ])lan  of  the  woi-king  survey, 

Iig  the  boimdaries  of  the  piecca  of  laud  required  for  the  work, 

naking  separate  copies  or  traciuga  of  them,  to  be  used  in 

ng  with  the  owners  and  occupiei-s. 

G8.  Pcmaaest  Marlu  of  Alio  of  Work*  aro  stakes   planted  on 

rly  the  same  principle  with  those  ah-eady  described  in  Article 

noarking  points  on  the  centre  line.     For  example,  suppose 

'  I*  work  to  be  set-out  is  a  bridge,  consisting  principally  of  two 

fnts  whicli  8Ui»i>ort  an  arch  or  a  platform.     The  princiiml 

upon  which  the  positions  of  all  other  points  in  the  bridge 

•re  the  four  corners  of  its  abutraentj?.     To  enable  the 

■   '  omera  to  be  found  at  any  time,  plant  four  stakes 

us  of  the  faces  of  the  two  abiitments,  at  known 

iroiu  the  four  oomera,  and  euflSciently  iar   firom   them 

r  of  the  work. 

In   »ruiHS-««*i  i^evcU  af  KzcarnUoan  the   engineer  causoi 

to  bo  drivvn,  whose  heads  are  at  the  intended  formatiou-lev 
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To  plant  a  stake  at  a  given  level,  the  staff  is  to  be  held  ii}ion 
bench  mark,  and  read ;  the  difference  between  the  Unral 
bench  mark  and  that  of  the  new  stake  to  be  driven,  is  Is 
A<ld«d  to  the  readiog  of  the  staff,  if  that  stake  is  to  be  lower 
the  twQch  mark, — Hubtracted,  if  it  b  to  be  higher.     Tim  give 
Jieigbt  which  will  be  read  upon  the  staff  at  the  new  atakc,  wl 
that  stake  has  Vjcen  diiven  to  the  proper  depth. 

Two  such  stakes,  being  driven  at  &fty  feet  apart  or  t1: 
io  the  oentoe  line,  near  the  commencement  of  a  propo(»< 
enable  the  excavators  to  carry  on  the  cutting  at  the  pruixT  Iv 
and  rate  of  inclination  for  some  distance,  by  the  openitiou  cnlli 
bommff"  which  oonsists  in  ranging  a  line  of  uniform  inclitmtii 
om  two  ffiven  pointa  in  it,  with  T-shaped  inatrumentti  a" 
"  boning-rods."     Each  of  these  consists  of  an  upright  staff,  ha' 
tk  oroas-bar  at  right  angles  to  it  at  the  top :  all  the  boni  _ 
to  one  set  ought  to  be  exactly  of  the  same  he^ht 
or  "  bone"  the  bottom  of  a  cutting  with  them  &t>m  two 
latakes,  two  of  the  rods  are  to  be  held  upright  on  the  heads  of 
two  stakes,  and  a  third  held  upright  at  any  point  in  the  cuti 
which  is  in  the  same  straight  line  with  the  stakes;  when,  if 
bottom  of  the  cutting  is  at  the  true  foi-tnatdon  level,  the  tope  at 
throe  rods  will  be  in  one  straight  line.     In  tliis  manner  the 
is  carried  forward  at  an  nniform  rate  of  inclination,  until 
MDginecr  thinka  it  adviyablo  to  ])lant  a  new  pair  of  stakes  b^ 

el  and  staff  near  its  inner  aid,  &om  which  tiie  boning  goes 

before. 

70.  RaagiMi   •■•I   seuiBB-AM   Tannria. — The  centre   lino  of 
tunnel  having  boon  at  first  rBngc<l  on  the  surface  of  the  gi>jiiu(l 
the  manner  already  described,  a  row  of  shafts  are  sunk  in 
venient  positions  along  that  line. 

In  oixler  to  range  the  line  below  ground,  it  is  necesaaty  to 
two  marks  iu  the  centre  lino  at  the  bottom  of  each  shafV, « 
asunder  as  jiossible,  to  enable  that  line  t«5  be  prolonged  froni 
bottom  of  the  shaft  in  both  directions.     Those  marks  consist 
nails  or  spikes  driven  into  the  cross-timbtTs. 

The  former  practice  was  to  dotermiue  the  positions  of 
marks  below  ground,  by  erecting  over  the  shaft  a  timber 
from  which  two  phiral>linea  were  suspended,  hanging  nearly  to 
bolloni  of  the  sluilt,  and  to  range  those  plumb-lines  by  tlio  tra 
instrinnoTit;  but  as  that  process  is  difficult  or  impossible  in  windy 
wcjithei',  Mr.  Simms  introduced  the  following  improved  method  ^-'^ 
The  enginc>cr  ranges,  by  the  transit  instrument,  two  strong  stakfl 
ilk  the  centre  line  above  ground,  each  about  sixteen  feet  from  ikl 
of  the  shaft,  so  as  to  bo  m£e  from  disturbance  while  Hu 
*  Stmiaa  On  PntiHaal  TwaMimq^ 
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rk  is  m  ptcglim.  To  mark  the  exact  positioa  of  the  centre 
1^  oidi  atake  has  driTeu  mto  its  head  a  spike,  with  an  eye 
{■0^  its  tofx.  The  eye  of  euch  spike  is  veiy  carefully  ranged 
i»  exact  centre  line,  being  maile  ^-iaiblc  to  the  observer  at  the 
knoBflDt  by  holding  a  piece  of  wliite  paper  beliind  it.  A  cord  is 
bkbid  diroagh  the  holes  in  the  spikes,  so  as  to  mark  the  coune 
Ow  BHltn  line  across  the  mouth  of  the  shaft.  At  each  side  of 
kibiA  u.  plank  is  kid,  at  right  angles  to  the  string,  and  with  its 
{M  Overiuu)g;ing  the  edge  of  the  shaft  two  or  three  inches,  so  that 
lamb-tine  may  hang  from  it  clear  of  the  side  of  tJie  shaft.  Two 
fBlMtaaB  are  then  hung  from  the  planks,  directly  under  the  cord 
liflUKks  the  centre  line ;  and  tlie  lower  ends  of  those  plumb-lines 
m  two  points  in  the  centre  line  at  the  bottom  of  the  shaft. 
ITIw  approximate  ranging  of  the  "  heading"  or  "drift,"  or  small 
tiaaotBl  mine  that  connects  the  lower  ends  of  the  shafts,  is  per- 
Ined  by  means  of  candles,  each  hung  from  the  timber  framiog  in 
Wt  of  stirrupi 

tb»  aocante  ranging  of  the  centre  line,  after  the  heading  has 
is  maide,  a  performed  by  stretching  a  cord  between  the  marks 
|wfy  ranged  at  the  bottom  of  the  shaft,  and  fixing,  at  intervals 
Kkmj  or  forty  feet,  either  small  pt-iforated  blocks  of  wood  earned 
an*4iar8,  or  stakes  with  eyed  spike's  driven  into  their  heads, 
tliat  the  holes  in  the  blocks  or  spikes  shall  be  langed  by  the  cord 
tcUy  in  the  centre  line.  The  centre  line  of  any  part  of  the 
mA  can  then  be  marked  at  any  time  when  required,  by  stretching 
md  Uuvugh  twc>  ol'  those  holesL  The  cross-bars  are  fixed  in  a 
iporaiy  way  to  the  timber  framework  of  the  heading,  so  that 
•^  '"""  ^-"  pemoveil,  to  lea^'e  a  free  passage  for  men  and  wagons; 
[xcen  are  so  marked  that  they  can  be  i-e-fixed  exactly  in 
r  {loaitions  at  any  time  when  it  is  required  to  range  part 

:in  be  set-oat  below  ground  by  means  of  a  theodolite  on 
_;  d  utand,  and  ciiudlo.s  or  laiii[)s  instead  of  ranging-poles. 

SI  cuo'-',  tbe  two  marks  at  the  bottom  of  a  shaft  indicate  the 
cm  of  a  tiingent  to  the  curve  at  its  centre. 
pn  the  line  of  shafts  does  not  follow  the  centre  line  of  the 
:nel,  but  a  line  parallel  to  it,  a  coiTespondiug  lino  is  to  be  set-out 
i>ngh  the  heading  at  the  bottom  of  the  shafts ;  and  fi*om  that  line 
r^Titrf  line,  or  any  given  part  of  the  tunnel,  can  be  set-out  by 

;i  offsets  in  tmnsvei-so  headings. 
;i  ■    iij    ifd-otU  the   levels  of  «  tunnel,  there  should  be  a 

ijark  alKive  ground,  as  described  in  Ai-ticlo  05,  p.  1 10,  near 
Ith  ('f  each  shaft.  When  the  abaft  has  been  sunk,  and  lined 
mb«T  or  brickwork,  a  aecoud  bench  mark  is  to  be  made 
the  ahaf^  and  near  its  top,  by  driving  into  the  tioiber  ot 
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brickwork  a  liorseshoe-shaped  staple  in  a  horizontal  positic 
levelling-staff  "being  held  on  ita  upjier  surface  in  taking  it«  Ic 

Some  part  of  the  masonry  or  brickwork  of  the  intended  tiu 
taken  as  a  standard  point  by  means  of  wliich  the  levels  of 
points  are  regulated:  for  example,  the  "invert-skew-back,"  oi 
where  the  inverted  arch  forming  the  bottom  of  the  tunnd 
the  cddeR.  That  joint  lacing  at  a  fixed  height  above  or  belo 
railfi  (genei-ally  bi?low),  ita  depth  below  the  staple  iis  to  Ije  calcu 
That  depth  ia  then  to  be  set-off  by  hanging  through  the  st< 
chain  of  rods  of  the  proper  length.  The  roda  used  by  Mr.  S 
are  counrcted  together  at  tho  ends  by  eyes  and  epring-bookfl 
length  of  each  rod,  from  the  inside  of  the  eye  at  one  end  i 
inside  of  the  hook  at  the  other,  is  ton  feet.  To  aet-off  a 
depth  below  the  staple,  the  number  of  rods  to  be  linked  toget 
one  more  than  the  number  of  entire  tens  of  foot  in  the  depth 
odd  feet  and  deeinmla  of  feet  are  set-ofl'  on  the  nppemiost  r 
screwing  a  gland  upon  it  at  the  proper  point.  The  chain  oi 
is  then  dro[iped  thrmigh  the  staple  until  tlio  gland,  resting  c 
staple,  prevents  them  from  passing  further,  and  Bupporta  the ' 
chain  ;  a  bench  mark,  coiisistiug  of  a  llat-.sidcd  spike  driven 
zontally  into  the  timlxjring,  or  of  a  stake  with  around-topped 
in  its  head,  driven  vertically  into  the  ground,  is  then  aidjus) 
the  bottom,  of  the  shaft,  so  that  ita  upper  sui'foco  is  exactij 
level  with  tlio  bott<im  of  the  lowest  rod. 

The  staple  forms  a  peruiatieiit  bench  mark,  through  whic 
rods  can  bo  lowered  again,  whenever  it  is  necessary  to  make  i 
bench  mark  under  gi'ound,  owing  to  disturbance  of  the  fu 
bench  mark,  This  is  always  done  after  the  brickwork  baa 
partly  built,  in  onler  to  make  a  jwrmanent  bench  mark^  byds 
a  tlat  spike  into  the  side  of  the  tunne!. 

Further  reraark.s  on  setting-out  will  be  marie  under  the  h« 
each  kind  of  work  for  which  peculiar  methods  ai-e  required. 
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OP  KJLRTSE  SUBVEYINO  FOB   EXGIKEEaiNO   PCBPOSBi 


1 

-Marine  sur-    H 


'I.  UmMmUab  af  the  Sabject—Laadmarka— Boors. — ] 

'J  «re  andertaken  for  purposes  of  geograjAy  aud  navjgfttion  as 
11m  for  those  of  engineering ;  but  the  present  chapter  has  reference 
tlie  last  of  those  purposes  only;  and  it  therefore  describes  the 
ntions  of  marine  surveying  bo  fir  only  as  they  ai-e  required  in 
Tving  plans  for  engineering  works  in  navigable  waters. 
the  principal  objects  of  such  surveying  are  to  determine  and 
laent  on  a  plan  the  figure  of  the  bottom  of  tlie  sea,  or  other 
oe  of  water,  on  a  scalo  suited  for  designing  engineering  works, 
I  to  ascertain  the  materials  of  which  the  bottom  consists,  the 
d,  rise  and  fall  of  the  surlace  of  the  water,  and  the  dii-ection 
I  ^>eed  of  its  currents, 

Che  marine  survey  must  be  based  upon  a  survey  on  the  adjoin- 
land,  by  means  of  which  the  figure  of  the  coast  and  the  posi- 
ts of  a  sufficient  number  of  conaj^icuous  and  well-defined  objects 
I  the  coast  have  been  ascertained.  These  objects  are  the  Utftd- 
rlui,  by  observations  of  which  the  positions  of  points  on  the 
tue  of  the  water  are  determined. 

ktttions  afloat  can  be  marked  by  means  of  buoys,  carrying  poles 
ituaea. 

To  prevent  a  buoy  from  deviating  to  any  considerable  distance 
m  a  position  directly  above  its  anchor,  the  mooring  cable,  M-hich 
fixed  at  one  end  to  the  anchor,  passes  through  a  ring  ail  led  a 
himble,"  attached  to  the  buoy,  and  has  a  weight  huug  to  the 
ber  end. 

12.  DaiOBi  Bad  Bcncli  Marka  for  T^cTets. — There  should  also  be 
latum-point,  or  principal  bench  mark,  on  land,  to  which  the  levels 
» referred,  and  a  sufficient  number  of  other  bencli  marks,  whoso 
vations  relatively  to  the  principal  bench  marks  are  to-be  found 
the  ordinary  process  of  levelling. 

For  nautical  puq>oses  the  datum-surface,  relatively  to  which  the 
eU  of  the  bottom  are  stated,  is  the  average  loio-toater-mark  of 
•ivg  titieg;  and  the  same  datum-surface,  when  it  is  sensibly  hori- 
ital,  wiU  answer  for  an  engineering  survey ;  but  on  the  sea-coast, 
len  the  survey  is  extensive,  and  in  the  channels  of  rivers,  the 
r-w»ter  of  spring  tides  is  not  a  botizoutal  surface ;  aud  ia  *uc\x 
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cases,  tlie  levels  for  engineering  purposes  must  be  reckoned  from 
arliiti-:iry  horizontal  surface,  as  in  sections  on  land. 

73.  TJd«-<saaKea.— The  successive  levels  of  the  surfkoe  of  ti 
•water  must  Ixi  ol>sjorved  and  recorded  fixim  time  to  time,  as  welll^ 
their  own  inijKjrtiuiee  as  because  the  levels  of  the  bottom 
ascertniucd  by  fiomitliug,  and  in  order  to  reduce  the  latter  Icvckt 
a  common  datunn  tlie  variations  of  tiie  lovol  of  the  surl'acc  of  tli 
watt-r  must  be  knoMm. 

The  tide-gaugi's  used  for  this  purpose,  when  of  the  edmpk'st  ktiu 
are  posts  aet  exactly  upright,  and  having  scales  of  feet  and  tA-uiii 
of  feet  nmrked  upon  them,  numbered  fi-om  the  bottom  upwaiili 
Thej  must  be  fixed  and  stayed  in  such  a  manner  as  to  be 
of  resistiiig  the  wavea  Sometimes  the  whole  rise  and  £kI1 
tide  at  a  given  place  may  be  observed  on  one  post;  but  in 
tlie  Blopo  of  the  beach  makes  it  uecesBaiy  to  have  a  row  of 
extending  from  low-water-mark  to  high-water-mark,  and  fu 
in  fact,  one  tide-gauge,  divided  into  several  stages  or  8t*^pi 
lowest  mark  on  the  lowest  post  of  the  row  i^  the  zero  of  the  tii 
gauge:  its  level  should  be  ascertained  Relatively  to  the  n 
bench  mark  on  laud  by  levelling.  It  will  form  the  commeai 
ment  of  a  scale  of  feet  and  tcntlis,  numbered  upwards.  Tho  lo' 
mark  on  the  second  post  must  be  made  at  a  point  adytutad 
levelling  to  the  same  level  with  the  highest  mark  on  the  fint 
and  marked  with  the  same  number,  and  ao  on;  so  that  the 
on  the  entire  row  of  posts  may  form  one  continuous  scale  of 
alxjve  tho  zero-mark. 

Thu  number  of  different  tide-gauges  required,  and  the 
where  they  are  to  be  erected,  will  be  fixed  by  the  engineer  to 
lust  of  his  judgment,  so  as  to  give  the  means  of  detenuirnng 
figure  of  the  suiiace  of  the  water  at  any  given  iustanL  They  mi 
bo  more  numerous,  the  more  the  Burlace  of  the  water  at 
instant  deviates  from  a  horizontal  form.  Such  deviation  ali 
exists  in  river  channels ;  and  in  them,  and  also  in  estuariea^ 
the  coast,  its  cxist-ence  and  extent  are  indicated  by  diffei 
the  time  of  high  and  low-water,  and  in  the  extent  of  rise 
of  the  tide.  Even  when  those  deviations  are  not  practically 
ciaVile,  it  ia  desinible  to  have  two  tide-gauges  at  pointa  distjiut  (ro: 
each  other,  iu  order  that  the  two  scries  of  oljservations  may  clujcj 
each  other. 
^^-  The  observera  of  the  tide-ganges  shotild  be  trustworthy 
^^1  intelligent  persons,  provided  with  watches,  which  should  be 
^^*  pared  every  day  with  that  of  the  princiiml  surveyor. 
t  For  the  purpose  of  reducing  soundings  only,  it  is  in 

^^    BTTffinient  to  observe  each  tide-gauge  at  each  quarter  of  an  hoq 
^^&  iV'iten  it  ia  desired  also  to  a&ccrtaAn  \ke  \sc«%  of  the  tide  at  tb 
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^glCHl'  ^  olMerre  the  hei^t  on  the  tide-gatige  at  each 
JBi^fbr  an  hoar  before  and  au  hour  after  lijgh  and  low- 
I  at  each  half-hour  during  the  remainder  of  the  day. 
jgineeiiDg  purposes,   the   tide-gauges   already   described, 
I  of  simple  poets,  are  in  geaexal  sufficient ;  because  when 

K  smooth  enough  to  take  accurate  soundings,  it  is 
li  to  enable  the  oljserver  of  the  tide-gtauge  to  estimate 
1  between  the  crests  and  troughs  of  the  waves. 
Mxuirc  iixact  obserNationa  are  required,  the  tide-gauge 
^int  of  au  upright  tube,  communicating  with  the  water 
^lOQgh  a  few  small  holes  onlj,  and  ha\ing  in  it  a  float 
fednfUed  upright  stem,  tall  enough  to  be  visible  above  thi^| 
itube.  ^H 

If-rcgistering  tide-gauge,  such  a  float  acts  through  a  chain 
I  a  train  of  mechanism,  and  mores  a  pencU  up  or  down, 
irk^  a  line  on  a  paper-covered  cylinder  turned  by  clocks^f 
iJXj  On  Tides  and  Waves.)  ^H 

■■Rtious  at  the  tide-gauges  hiiring  been  copied  from  the 
Hlvks  into  one  book,  ai-e  to  be  reduced  to  the  datum  of 
r  by  the  aid  of  the  known  levels  of  the  zero-marks  of  the 
is  relatively  to  tliat  datum. 

Ikn  of  all  the  reduced  observations  of  the  tide-ganges  taken 

p  or  more  entire  "  lunations,"  or  rcFolutions  of  the  moon, 

mtaii  level  of  tfie  sea,  which  is  a  truly  hoiizontal   sur- 


1  remarks  on  the  tides  will  be  made  in  the  sequel.  I 

tmrmlmUtf  fliMiMi*  aflMU. — In  fig.  53,  let  D  ri-present  the 
It  a  given  instant  of  a  point  in  a  boat,  which  is  to  be 

M. 

I  done  by  measuring 
I  sextant  in  the  boat 
I  between  t>lu?ee  kuo^'n 
t  hmd.  A,  B,  C. 
bmBh  or  prevent  the 
^■Vuld  arise  from  the 
PH^  its  jxibition  wliile 
p  are  being  measui-ed, 

Nrrir    kIiiihIiI    liaVC   thrCC 

i  l(.',  with  which 

.<■:  angles  A  D  B, 

^,  in  rapid  succession,  reading  them  off  at  Icisuix; 

The  angfe  ADC,  which  should  bo  the  sum  of  the 

res  as  a  check  upon  their  accuracy. 

be  taken  that  the  four  points,-  A,  B,  C,  D,  do  not  lie 

the  cJrcttmfereuce  of  one  circle ;  for  in  that  case  tlw 


zsatstEKaa  grodest. 


observations  woitld  leave  the  position  of  D  indeterminate,  aa 
presently  Ik*  explained. 

There  are  diflcrent  methods  of  plotting  the  portion  of  D  on 
plan. 

Method   L — By   Ttoo  inler&ecdnff  Circle. — To  draw  thm 
two  jKiints,  as  A  and  B,  fig.  54,  a  circle  which   shall  c< 
a  given  angle;   that  i^  to  say,  a  circle  such  that  from  any 
in  its  circumference,  as  H,  the  arc  A  B  shall  anbteod  au 
A   H  B  equal  to  the  given  angle,  draw  through  A  and 
8traig]it  liueH  A  G,  B  G,  making  witli  the  straight  Line  A 
angles  B  A  G,  A  B  G,  each  equal  to  the  complement  of  the 
angle ;  the  intersection  of  those  lines  O  will  be  the  centre 
circle  required. 

Let  fig.  53  now  represent  the  plan,  and  A,  B,  C,  the  poai 
the  three  lundmarks  as  plotted  on  it;  through  A  and  B 
circle  contaiuitig  the  olMerved  angle  A  D  B;  through  B 
draw  a  circle  containing  the  ol)ser\-ed  angle  B  D  C ;  those 
will  give  by  their  intersection  the  point  D  on  the  plan  : — unlem 
should  happen  to  coincide  with  each  other  and  with  the 
circle  A  B  C  E,  when  the  point  D  may  be  anywhere  in  that  Jutted 
circle,  and  cannot  1>o  plotted  from  the  obsen-ations  takeiL  Should 
D  lie  7«vrr  the  dotted  circle,  the  two  intersecting  circles  will  col 
each  other  ut  tcx>  acute  an  angle,  like  the  fridea  of  an  ill-couditiotied 
triangle ;  and  the  plotted  position  of  D  will  be  liable  to  inaccutiqr. 
Method  II. — liy  tfie  irUeraection  of  a  Circle  and  a  Straigfd  Li\ 
From  A  draw  A  E,  makiug  the  angle  C 
=  0  D  B :  from  0  draw  C  E,  ma: 
angle  A  C  E  =  A  D  B,  and  cutting 
E:  through  the  three  points  A,  C,  E, 
a  circle:  through  E  and  B  draw  a 
line  cutting  the  circle  in  D;  D  will 
required  iH>int  on  the  plan. 

The  two  preceding  methods  are  both  too 
tediuus  for  ordinary  use,  and  the  two  follot» 
ing  are  almost  always  employed  instead. 
Method  III, — By  a  Piece  of  Tracing-paper. — On  a  piece  of  tnoDf 
paper  di-aw  three  stiuight  lines  radiating  from  one  point  ao  as  to 
make  with  each  other  angles  equal  to  A  D  B  and  B  D  0.  I.Ay  it 
on  the  plan,  and  shift  it  about  till  the  three  lines  traverse  A,  B,  uul 
C  respectively ;  the  point  from  which  they  diverge  being  pricktd 
through  on  the  plan,  will  give  the  jwsition  of  D. 

Method  IV. — By  Ot«  Station-pointer. — This  is  an   instnunenl 
OODBisting  of  three  long  flat  arms  turning  about  one  centre,  aaA 
*  iving  straight  fiducial  edges  diverging  from  that  centre.     Fixed 
the  middle  arm  is  a  graduated  circular  arc,  and  fixed  to  the  udt 
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Indexes  with  verniers,  by  meaus  of  which  those  arms  can 
kui  to  make  any  required  pair  of  angles  with  the  middle 
\  urns  being  set  so  as  to  form  the  angles  A  D  B,  B  J)  C, 
kneut  is  laid  on  the  plan  and  sliiftefl  about  until  thq^H 
ial  edges  traverse  the  points  representing  the  three  hind«<^| 
pectively.  The  centre  of  the  instrument  will  then  be 
Kitiired  point  D,  which  Ls  marked  by  moans  of  a  pricker 
p  through  a  hole  in  the  centre  of  the  instrument;  or 
ithree  pencil  lines  may  be  drawn  along  the  fiducial  edges 
IH,  and  produced  after  the  instrument  has  been  lifted 
iper;  when   their  intersection   will  give  the  requii-ed 

landmarkB    are    all    that   are    abi^olutely   necessary    to 
the  position  of  a  station  afloat;  but  when  the  station  ia 
hut  one,  the  sun'eyoi",  for  the  pui-pose  of  verification,^^ 
Isure  angles  to  additiouul  known  objects.*  |^| 

%  suffident  number  of  objects  on  land  arc  not  visible,  th^^" 
>f  stations  eifloat  may  l»e  determined  by  taking  angles  to 
determined  stations  afloat  which  are  maiked  by  buoys, 
b  boats  with  flags  are  moored;  but  this  method  is  waut- 
tdaion,  and  objects  on  laud  are  always  to  be  preferred^ 
'  can  be  seen.  I^| 

Mkp*  and  m^tcU.- — The  instnmient  generally  employed' 
^■pdings  for  nawticid  jinrposes  is  the  lead-line,  a  tough, 
^exible  cord,  loaded  w^th  a  conical  lead  weight,  and 
^  iathom&  For  engineering  purposes,  where  the  depth 
koeed  about  100  feet,  a  chain  is  used.  In  shallow  water, 
kstmment  is  a  rod,  divided  into  feet  and  tenths,  and  loaded 
erend. 

kiding-lead  is  "armed"  with  a  lump  of  tallow  in  a  hollow 
fex  end,  by  which,  when  the  material  of  the  bottom  ia 
IS  of  it  are  brought  up.  When  the  material  Ls  of  a 
a  specimen  may  be  brought  up  by  dropping  a  heavy 
^d  and  barbed  at  the  lower  end,  called  a  "  i>lunger," 
tig  it  up  again  by  a  rope;  or  the  nature  of  the  bottom 

Itnoes  of  (he  station  fmtn  two  of  tho  landmarks  might  be  calculated  b; 
iUne  trigonometry  and  plotted;  but  the  process  ia  loo  tedious  for  ordinary 
Qowing  are  the  steps  of  which  it  oonsista  (see  fig.  £5); — 
tangle  A  E  C,  given  A  C,  and  the  angles  E  A  C  (=  B  D  C)  and  A  C  B 
calcslate  A  E  ud  C  £. 
iuigk  A  B  K,  given  A  B,  A  E,  and  .^  B  A  E  (=  B  D  C  —  B  A  C), 

lingle  b'  E  C,  given  BC,  CE,«id,^BCE(=ADB  —  BCA> 

lBBC. 

pigla  A  D  E,  given  A  E  and  th«  angles,  calralate  A  D.  ^H 

Bgle  DEC,  ^ven  C  £  and  the  angles,  calculate  C  D.  ^^M 
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may  be  asoeHained  by  boring,  or  by  diving— operations  w] 
be  agftin  referred  to  f\irther  on. 

Soundings  for  nautical  pui-poses  aro  noted,  and  written  on  i 
plan,  in  fjithoms  of  six  feet,  and  half  and  quarter  fathoms ;  tj) 
for  engineering  purposes,  in  fe«t  and  decimals,  or  feet  and  incha 
The  levels  of  the  bottom  are  ascertained  by  taking  several  send 
8nitn()ing8  along  straight  lines,  in  snch  positions  as  the  «ngiii 
judges  to  he  best  In  general,  the  position  of  those  lines  is  not 
that  uf  tho  Uncs  of  steepest  decUvity  of  the  bottom,  and  neu^ 
right  angles  to  the  coast. 

As  each  sounding  is  taken,  the  stnTeyor  notes  the 
depth,  and  the  position. 

The  following  are  two  methods  of  determining  the 
■oiindings : — 

Method  L — By  a  Series  of  Angles. — In  fig.  56,  A  and 
sent  two  known  objects,  in  a  straight  Hno  wi 
a  set  of  soundings  are  to  be  taken;  O  is 
known  object  lying  at  a  sufficient  distance  to 
of  the  line  A  B.  The  boat  is  rowed  along  the  stnq 
lino  B  Ef  either  directly  towards  or  directly  from; 
The  snrreyor  sees  that  the  boatmen  keep  B  and 
exactly  in  one  straight  line;  and  tho  instant  tl 
each  sounding  is  token,  he  measnres  with  a  «exti 
the  angle  which  tlio  direction  of  O  makes  with  t 
line.  For  example,  if  1,  2, 3,  4,  &c,  are  points  trJn 
soundings  are  taken,  the  angles  to  be  measond : 
those  points  aro  B  1  C,  B  2  C,  B  3  C,  B  4  C,  <fec.  The  positioL 
C  should  be  so  chosen  that  the  most  acute  of  those  anglea 
30"  or  somewhat  greater. 

To  plot  the  positions  found  by  this  method,  draw  throUL 
tho  plan  the  straight  line  F  C  Dpaiullel  to  A  B  E,  and  hiy  off  tl 
angles  D  C  1  =  B  1  C,  D  C  2  =  B  2  C,  &c. ;  the  intersectiooi  t 
the  lines  0  1,  C  2,  &c.,  with  B  E,  vill  give  the  points  reqmred 
Method  II. — By  two  Stations  and  an  umform  speed  of  Jloving.- 
'  ^^'  ^  67,  A  rcpre.sents  a  known  object  on  which  the  line  Q 
soundings  is  to  run.  The  surveyor  detenniii4 
the  pieition  of  (B  or  C)  the  commencement  of  t8 
line  by  three  angles  taken  between  known  objedl 
the  rowere  tJien  row  as  steadily  as  possible  at  ■ 
uniform  speed  in  a  straight  luie  dwectly  from  i 
directly  towards  A.  Soundings  are  taken  at  eqi 
intervals  of  time;  and  when  the  line  has 
carried  far  enough,  the  sun-eyor  determines 
position  of  its  termination  (G  or  B)  by  three 
F^.  57.  taken  between  known  objecta. 
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I  line  of  soundings  so  taken,  ita  two  ends  B  and  0 

by  raeans  of  the  station -pointer :  the  straight  line 

iwTBf  and  divided  into  as  many  equal  parts  as  there  Trere 

rvals  of  time  between  the  souudinga  from  the  beginning 

of  Xha  line;  and  thus  the  intca-mediate  points,  1,  2,  3,' 

fotmd 

of  soundings  may  often  be  conveniently  prolonged  on  the 
parts  of  the  Wach  by  ordinary  levelling.  In  fact,  levelling 
be  used  wherev  cr  it  ia  practicable,  being  the  more  accurate 

lOtL 

ic  Bedacilaa  «r  Waiiiltwgi  to  the  datum  of  the  survey  ia ' 
'  taking  the  difference  between  each  sounding  and  the  height 
_  above  that  datum  at  the  instant  when  the  sounding 

iakeo,  as  found  by  examination  of  or  interpolation  in  the  i 
■  nf  tht'  tidps.     If  thei  sounding  is  the  groatcr,  that  difj'erenca  j 
datum, — if  tho  less,  a  height  above  the  datura, 
turn  is,  see  Article  71).     When  the  datum  is  i 
iow-wat«r-level  rif  spring  tides,  the  latter  class  of  reduced 
BTB  said  to  \ye  dry,  and  are  distinguished  in  the  register 
the  plan  by  a  s?core  beneath  the  figures. 
reduce  pi.im.llii.r*:  },y  calculation,  m  the  absence  of  dii-ect 
>n»  of  i  t  is  necessiry  to  know  the  liso  of  tho  tide 

lemcan  \, ....,-,.  ,tl,and  tho  tuue  of  high-water,  for  the  tide 
rhich  the  soundings  were  made,  and  the  dui'otion  of  that 
ilstenrai  of  time  between  high-water  and  low-water  (which 
is  about  six  hours  twelve  minutes,  but  varies  con. 
It  at  different  times  and  ]>hices). 
H  bo  the  height  of  the  mean  water-level  above  the  datum : — 
Tido  above  the  mean  water-level; 
r  tho  tide ; 
Uiiore  or  after  high- water  at  wliich  a  given  sounding 

1  of  the  pnrface  of  the  water  above  the  datura  at  that 
ic  quantity  to  be  subtracted  from  tho  sounding. 

&=  H  -I-  r  •  cos  180"  ^; (1.) 

wMch  formula  it  is  to  be  remembered  that  cositiM  qf 
amffla  are  negatiTe. 

ijan  mt  K^a^  Dortii  arc  analogous  to  contour-lines  oid  land, 
being  contour-lines  of  the  bottom  of  the  sea  sketched  oa 
'  "'■  to  pass  through  those  points  where  the  reduced- 
oquol.  It  is  customary  to  mark  the  livs  of  ons 
iii'iiii'ia  by  single  dots,  of  two  fathoms  by  dots  in  ' 

'"loms  h^  dots  iu  triplets,  and  so  on. 

'JB-  ._  _  .  ^  _      ?    ■'■"-"      --    .;.;■     -••'~«'-^ig?:JJ.iUfl«W''«    iM 

t<^»-  —  .   -  »  -  .«>»a»-w.— Ill'"     ".-^  MWWMiiii    '-f^ 
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The  nigh  tt,T\d  liftw-Wat«r>]Trark«  of  average  spring  tides,  'nrLie 
ahoukl  be  drawn  an  the  plan,  are  alao  analogoita  to  contonr-liaea, 

7y.  Vurrvutm—'Wurvm. — Tho  directions  and  velocities  of  tidi 
currents  should  ho  noted  by  the  surveyor,  and  marked  on  the  pla 
by  arrows;  euch  arrow  having  fignrcs  heside  it  denoting  the  spet 
of  tho  current  in  nautical  milfa  »ii  hour,  and  the  time  after  t 
moon's  transit  at  which  it  prevaifa.  Flood-currents  are  denoted  t 
feathered  arrows,  ebb-currcnta  by  unfeathered  arrowa. 

Tho  direction  of  tho  curi'ont  which  mns  past  a  moored  TMi 
may  be  ascertained  by  drof>ping  some  floating  body  into  it,  « 
obaervinff  the  angle  which  the  direction  of  motion  of  that  boi 
makes  with  tlio  direction  of  some  known  object.  The  velocity  nu 
bo  found  by  nioann  of  Massoy'a  Log,  an.  instrument  in  which  tl 
rotiitions  of  a  fan  driven  by  the  current  aro  registered  by  wheel-wori 

Tho  dii*cclion  and  velocity  of  a  current  may  also  bo  dctcrmiiu 
by  setting  a  ligltt  dt-al  pole,  having  a  weight  at  the  lower  end,  ( 
tloat  irpright  in  it,  and  taking  simultaneovis  angles  to  that  objo( 
from  two  known  stations.  This  must  be  done  by  two  observer 
who  should  take  special  cai-e  to  make  their  angidar  mcasuremea 
exactly  at  the  same  instanta  of  time. 

The  usual  directions  and  velocities  of  waves  should  be aacertaim 
and  noted,  and  also  the  greatest  height  from  the  crest  to  the  trouj 
of  a  wave. 

79.  iniiircniiiiran*  InninBnileii  «n  Plan, — Besides  the  SOuadlDg 
levels,  currents,  and  other  information  already  mentioned,  the  f^ 
of  a  marine  survey  for  engineering  purposes  should  show  at  differea 
X)oint8  tho  material  of  the  bottom,  by  such  abbre\nationa  as  r.  fa 
i-ock,  rt.  for  stones,  s.  for  sand,  m.  for  mud,  Jic,  and  by  referenct 
to  borings  and  examinations  by  dicing,  where  such  have  bed 
made.  It  should  also  show  all  lighthouses,  beacona,  buoys,  6x9 
moorings,  fee. 

80.  TaklDir  Altlind^a  hr  Ihe  Sexlanl— Hip  of  lh«  Ilarixoa. — Wbd 

the  altitude  of  an  object  is  taken  at  sea  l>y  uieaHuring  with  a  scj^ 
tixnt  its  angvdiir  elevation  above  tho  visible  sea-horizon,  a  correction 
must  be  made  by  subtracting  the  dip  of  that  horizon — that  is,  iil 
apparent  angular  depression  below  a  truly  horizontal  line  travemiai 
tho  eye  of  the  observer.  Tho  amount  of  that  d<"prcssiou  is  uft 
certain,  owing  to  the  variable  refractive  power  of  the  atmospberoj 
but  on  an  average,  it  is  given  approximately  by  the  foUowii^ 
k  formula,  in  which  A  denotes  the  height  of  the  observers  eye  abort 
M       the  sea,  and  r  the  radixw  of  cur\-ature  of  the  surface  of  the  sea. 


9                              /  2U 
Dip  in  seconds  =  .-77  x  206264'- 8  "Y/ 
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81.  TnMtes  upon  a  sheet  of  thiti  semi-transjjureut  pajier,  kid 
MwUily  CO.  the  origiiml  drawing,  is  the  most  accumte  method  of 
a  w^py  ot"  a  plan  on  the  same  scale  with  the  original. 
wmng  a  drnvring  table  made  of  strong  plate-glaes,  called  the 
QOfyilig-glass,"  with  a  sloping  mirror  below,  if  nece8Bar7,  to 
light  through  it,  a  tracing  may  be  made  on  drawing  fwper 
my  thickness,  pru\'ided  the  original  is  not  mounted  on 

i  »  tracing  has  been  made  on  thin  paper,  other  copies  can 
lie  on  thick  [laper  by  rubbing  the  lower  side  of  the  tracing 
bliick-lead,  or  putting  a  sheet  of  black-leaded  |>aper  below  itj 
it  on  the  thick  pa{^r,  and  ])as8ing  a  smooth  pointed  instm- 
along  all  the  outlines  of  the  tracing.  The  new  copy  huni  then 
drawn  in  ink  and  liuishecL 

lac  TkrMigb  is  ap[>Iicable  to  plans  in  which  the  out- 
coDisijst  chiefly  of  straight  lines,  and  damage  to  the  original 
li  unimportant. 

&2.    Kacvrnvlac*  Eillh«gmphiBS»mii4  Prlatimg. — Wlien  a  plan    is  to 

le  engraved  on  copper,  a  tracing  of  it  is  placed  on  the  cupper  plate, 
fiice  downwards,  and  the  outlines  scratched  on  the  copper  with  a 
point  which  cuts  through  the  tracing.  The  impressiouH  from  cop|)er 
|iklM,  being  printed  on  damp  paper,  shrink  when  they  dry,  to  an 
extent  which  varies  from  l-tOOth  to  I-2(JUth  of  the  original  dimen- 
mniu.  All  measui'emeuts,  therefore,  on  printed  pUius  should  be 
auula  by  means  of  the  scale  cugravod  along  with  the  plan,  and 
rtety  slitjet  shoidd  have  a  scale  upon  it.  The  shrinking  i^  some* 
timee  slightly  ditferent  lengthwise  and  breadthwise.  As  to  the 
iffcct  of  this  on  sections,  see  Article  54,  p.  90. 

Where  great  accumcy  is  required  in  engraved  plans  (as  in  those 
tf  Uw  or£aMic«  survey),  the  principal  stations  are  plotted  vn  the 
topper,  117  ■  '  taUa  only  laid  down  on  it  by  tracing. 

lu  hi  ..ig  plans,  the  usual  process  is  to  make  a  copy 

on  " tniLLiiltr  paper"  by  the  aid  of  a  tracing  on  thin  paper,  as 
ilrrftdy  <lo««:ribcd  in  the  preceding  Article.  The  copy  so  made  ia 
iikvn  and  finished  with  lithographic  ink,  laid  face  downwards  on 
a^s^ADd  iranaffimed  to  the  atoue  by  the  pro|M:r  procefls.     The 
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transfer  paper  being  dnmp  during  that  prooeas,  expands 
extent,  so  that  the  drawlDg  ou  the  stone  is  somewhat 
the  original ;  and  tiiis  expansion  is  to  a  certain  extent  ooimterac 
by  the  ahrinking  of  the  paper  on  which  the  impressions  are  [irlnU 
so  that  the  itnpiTfisions  may  be  sjlightly  lar^^er  or  smaller  than  t 
original  iu  a  projKirtiou  which  it  is  difficult  to  aiudgn  with  pre 
rion.  As  with  fj)^'ave<l  plans,  each  sheet  should  have  its  own  sch 
by  means  of  which  all  measurements  npon  it  should  be  made. 

83.  Redociag  Drnwinna  by  Unnd  i.s  [K^rformcd,  in  the  c&se  ( 
plan-s,  by  forming  triangles  to  connect  the  stations  and  other  prii 
ci]ui1  points  on  th(^  original,  mt-asuring  their  sides,  and  pluttia 
them  on  a  amaller  scale  on  the  reduced  plan.  The  detaik  may  ^ 
reduced  by  covering  the  original  with  a  network  of  »piar««,  mi 
the  retlnced  a>py  with  a  netwcu-k  of  squares  having  i'  i 
smaller  than  those  of  the  original  sciuares  in  the  ppj  J 
which  the  plan  is  to  be  reduced,  and  sketching  the  det^ie  ou  tii 
roduct'd  coi)y  iu  their  pro|)er  places  by  the  aid  of  those  aquaroi  I 
guide  the  eye  and  hand 

In  the  case  of  sections,  reducing  by  hand  is  best  performed  I 
plotting  the  section  aiu^w  on  the  smaller  scale. 

84.  Kvdaeing  Dm«ritig«  %f  ine«h«iiiM»  is  performed  by  means  < 
instruments  called  the  "  Pantograph  "  and  llie  "  EidogmpL"  ] 
each  of  those  instruments  a  tracing-point  is  made  to  travel  ovcrti 
outlines  of  the  original  dra^^-ing ;  a  pencil  is  so  connected  \t-ith  tli 
tracing-point  that  it  is  alwayn  in  a  straight  line  with  the  itMO) 
point,  and  with  a  fixed  centre,  and  always  at  a  distance  from  ft 
centre  bearing  a  given  constant  ratio  to  the  distance  of  the  traoBj 
point  from  that  centre ;  and  that  |fcncil  draws  the  outlines  «f 
copy  of  the  drawing  i-oduced  in  thi»  given  ratia 

Fig.  <58  is  a  skeleton  sketch  of  the  Pajjtoorafh.  F  D,  D  I 
E  G,  and  G  C  ai-e  fom-  flat  kirs,  jointed  to  each  other  at  E,  D,  C 
and  G,  so  that  *G  E  =  E  D  =  D  C  =  0  O,  and  th 
iigm-e  G  E  D  C  is  always  an  exact  rbombu^  i 
ojipositc  sides  being  parallel,  and  all  of  them  eqia 
Those  bars  are  8U[>ported  by  ivoiy  castors,  lAat 
mn  on  tlie  paper  or  on  the  dniwing-boanL  T 
the  tracing  point  A  is  tlie  fixed  centre,  havig 
a  heavy  foot,  which  rests  on  the  pnfi^  or  th 
drawing-board.  Ou  its  vertical  spindle  turn 
a  socket  through  which  the  bar  E  G  can  b 
slid  to  any  required  position,  and  £xcd  there  by  a  chim]>-8citii 
P  is  a  square  socket,  slichng  on  the  bar  D  F,  on  whi<di  it  can  ) 
fixed  in  any  requLretl  jiosition ;  the  pencil  is  carried  by  it.  H 
pencil  is  loaded  on  the  top  with  weights,  wliich  press  its  poil 
against  fiie|3aper  j  it  can  be  lifted  off  \ii«  \(a.\jex  '«>aKu  T^cj^und  I 
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light  11 
_"  to  I 
itliem,  c 


string.     The  dotted  line  PAT  repreaents  the  imaginary 

^^'ich  the  pencil,  the  centre,  and  the  tmcing  poiut 

I.     The  bare  G  E  and  E  F  have  scales  uuirked 


?jiii>M!i|^  ilie  projjer  poaiLiona  of  the  sliders  for  reducii 
in  various  proportions.     Let  1  :  n  be  the  pivijortiou 
tb/d  plan  is  to  be  reduced;  so  that — 


Iheo 


tod 


n:  1  :  :TA 
n:l  :  :D£ 


AP;. 
EPj. 


n  +  1  :  1  :  :  D  T  :  E  A. 


...(1.) 

...(2.) 

...(3.) 
fig.  59. 


Fig.  59. 


The  Buiavtayh  is  repi'esented  hy  the  skeleton  sketch, 

{A  a  it«  fixed  centre,  with  a  heavy  leaden  foot     On  tho  spindle 

th«  ciiittv  turns  a  square  socket,  throtigh  which  slides  tho 

D  E,  which  can  be  chiniped  in  any  retpured  position.     At  tho 

of  that  bar  are  two  jnilleys,  D   and  E,  exactly  equal   ia 

ter,  and   cotmected  by   means   of  a 

•leel  Ijcltv     F  and  G  ai*  screws  for 

the  lengths  of  the  two  divisiona 

f  '-I'    •      -^  *■■  -nxke  the  rods  B  P 

These  rods  slide 

;n   »»jii:ire    bULJiLLM    carried    by    the 

and  having  clamp-sci-ewa.     T  is  the 

;-point,  P  the  pencil,  and  TAP  the 

straight  line  in  which  the  pencil,  centre,  and  tracing-point 
always  b& 

I  :  n  as  before  be  the  ratio  of  i-eduction ;  then  the  pi<oper ' 
of  the  sockets  are  given  by  the  foi-mulse — 

n:l::AE:AD;ET=AE;DP=AD....  (4.) 

Bkdt  bar  has  a  scale  of  200  equal  parts  on  it,  with  0  marked  at 
mtrLllrt  of  its  length,  and  nombered  to  100  each  way.     Theso 
are  8TjV>di\'i>li'd    by   the    aid    of  Vermel's    on  the    sockets, 
beo  tb<"  nt  is  correctly  adjusted,  each  socket  ia  at  tho 

dutjti.  I   the  middle  of  its  bar;  and  that  distance,  in 

riffOfis  of  tiie  scale,  ia  found  by  the  following  formula : —  i 

TO  — 1 

n+r 


m  =  100. 


(5.) 


I*be  bftst  teat  of  the  accimicy  of  tho  adjustments  of  the  Panto- 
and   *■;'^  ■^•■Til'   i«  to  draw  the  traoing-point  T  for  a  certain 
al  of  a  flat  straight-edged  ndcr;  when  the 

P  <i  cijux\  lU  esaictly  straight  line,  of  a  length  bearing 

'  irtion  to  the  length  of  tbe  original  line. 


* 
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85.  KnlarstBii  piaaa  may  bo  i^erformod  by  Land,  in  €he  I 
manacr  with  rcduciug ;  and  viiih  the  Pantosraph  or  Eidograpl 
adjusting  either  of  those  inatrumente  so  that  the  pencil  ahai 
further  from  the  centre  than  the  tracing-point  ia.  This,  how< 
is  an  operation  which  ia  not  capable  of  accuracy,  except  when 
ratio  of  enlargement  docs  not  much  exceed  that  of  equality; 

86.  Be^MclBK  Drotringa  hj  Pbolosraphr  i^  thti  method  empll 

in  reducing  the  large  jthiua  of  the  ordnance  surxey,  dratru  ( 

•calo  of  V.-..A.  to  the  scdo  of  six  inches  to  a  mile.     The  detail 

the  plans  so  reduced  are  afterwai-ds  traced  on  the  copper  plates 
■which  the  stations  have  been  previously  plotted  by  the  length! 
the  sides  of  the  triangles.  A  process  of  transferring  the  redt 
outlineiS  to  copper,  zinc,  or  stone,  without  tiiicing,  has  lately  I 
inti^duced.  See  the  Report  on  tfie  Progress  of  the 
Survey,  by  Colonel  Sir  Henry  Jaimes,  RE, 


Fig.  69  A. 


SupPLEMEST  TO  Chapteu  III.,  Articlk  40» 

86  ▲.   Rcdnclloii    or  Angl«'*  lo  the  C-rntre  «r  the  SlalloN.— I 

times  happi'ua  that  the  tlitadttlita  csirmot  be  j)l.inted  exactly  t 
^  Btition  in  a  trigonometrical   survey;  ' 

has  to  bo  placed  at  a  dhort  distance 
one  side  of  it.  In  such  cases,  the  u 
actually  measured  lM?twcen  two  objeol 
reduced  to  the  anglo  which  would  hi 
been  measurt-d,  had  the  theodolite  b 
exactly  at  the  station,  by  a  corroei 
which  is  calculated  approximately  at 
lows : — 
In  fig.  59  A,  let  C  be  the  station,  D  the  position  of  the  theodol 

A  and  B  two  objects ;  A  D  B  the  horizontal  angle  between  tl 

as  measured  at  D ;  A  C  B  the  required  horizontal  angle  at 

station  C. 

I     Measure  C  D,  and  the  angle  ADC;  calculate  A  C 
approxinmtely  as  if  A  C  B  were  equal  to  A  D  B ;  then 
to 
I 


A  CB  =  A  0  6  —  206264". 8  C 


M- 


sin  A  D  0      Bin  B  D  C 


AC 


BC 


2B^ 


The  above  formula  gives  the  correction  in  seconds  when  D 
'*0  the  right  of  Imth  0  A  and  C  B.     When  it  lies  to  the  lefl 
""^  B,  «in  B  I>  C  changes  its  sign ;  when  to  the  left  of 
\,  D  O  changes  its  lugu. 
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ScpTLEXEinp  TO  Chapteb  ni.,  Articlb  42,  DmaroN  IV,, 
Paoe  73. 

J 9$  B.  AatMiMoUcai  Berimction. — The  rofrocting  actitm  of  the 

otosea  the  altitudes  of  the  stars  to  apfvear  greater  than 

rretlljare.     The  correction  for  refraction,  therefore,  is  always 

euhtracted  from  an  aHitude.     Its  value  may  be  found  in 

;  approximately  by  the  following  formula : — 

Be£raction  =:  58"  x  cotan  apparent  altitude. 

for  more  exact  information  on  the  subject,  see  a  paper  by  the 
r.  Dr.  BobinsoQ  in  the  Transactions  oftks  Royal  Irish  Academy, 
.xix.    Tables  of  Refraction  are  given  in  treatises  on  Navigation, 

I  as  Raper's. 
It  is  to  l>e  borne  in  mind,  that  below  about  8°  or  10"  of  altitude 

ebangeable  condition  of  the  atmosphere  makes  the  correction 
r  refraction  very  uncertain. 

|M.  C    T*   flBd   the    liatilade    of  a  Place. 

llIl!TTTon  r. — By  the  Mean  Altitude  of  a  Cireumpolar  Star. — Take 
I  >f  a  cireumpolar  star  at  its  upper  and  lower  culmination 
»j!  1  ions  are  known  by  watching  for  the  instants  when  the 

ade  is  greatest  and  least).  From  each  of  those  apparent  alti- 
tnia  subtract  the  correction  for  refraction ;  the  mean  of  the  true 
tllitades  thus  found  is  the  latitude  of  the  place. 

Method  II. — By  One  Meridian  Altitude  of  a  Star. — Observe  the 

ncridian  altitude  of  a  star  by  watching  for  the  in.stant  when  ita 

altitn.ti-  is  greatest   or  least,   and   subtract    the  corrections   for 

-n,  and  also  for  dip,  if  necessary.     The  complement  of  the 

..ititude  is  the  zenith  distance.     Find  tlie  declination  of  tho 

from  the  Nautical  Almanac  (which  is  published  four  years  in 

Innca)* 

TLen  if  the  star  is  between  the  zenith  and  the  equator, 

Latitude  =  Zenith  distance  +  Declination ; (1.) 

If  the  star  is  between  the  equator  and  the  horizon, 

Latitude  =  Zenith  distance  —  Declination ; (%,) 

tf  the  star  is  between  the  zenith  and  the  elevated  pole, 

Latitude  ^  Declination  —  Zenith  distance; (3.) 


*  The  dedinatiocu  of  a  few  ttari  are  given  at  p.  73, 
K 
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QEODEST. 

If  the  star  ia  between,  the  eleyated  pole  and  the  horizon. 

Latitude  =  180°  —  Declination  —  Zeuith  distances ...  (4.) 

Method  III. — By  die  Suti'a  Meridian  AUUutle. — In  this  metb' 
the  final  calculation,  from  the  sun's  declination,  aa  found  in 
Nautieal  Almanac,  and  the  true  altitude  of  hia  centre,  is  the 
as  in  Method  II.  But  beaides  the  correction  for  reiraction 
di|\  tbo  altitude  requires  to  be  further  corrected  by  subtra' 
nddiuj;  the  sun'a  semidiametcr,  according  as  his  upper  or  loi 
limb  baa  been  observed,  and  by  adding  the  sun's  }»iimllax, 
the  angle  subtended  at  the  sun  by  the  distance  between  the  cartli'i 
centre  and  tbo  place  of  observation. 

To  find  the  correction  for  parallax,  find  the  sun's  horizont^ 
panUlax  on  the  day  of  observation,  fioin  the  Xa^iXical  Almanac,  mj 
multiply  it  by  the  cosine  of  the  altitude  of  the  suu's  c<'ntro. 

(The  mean  value  of  the  sun's  horizontal  parallax  is  about  5' 

Tbo  sun's  scniidiameter  on  the  day  of  observation  in  to  be  foi 
in  the  NatUical  AlinajMC     It  varies  £i-om  15'  40"  to  10'  18". 
1  The  calculation  may  be  thus  set  down  algebraically — 

^^L          (  True  altitude  ^ apparent  altitude  —  Dip  (if  the  sea-  \ 
^^B         <      horizon  has  been  observed)  —  Befi-action  =t=  sun's  >  (d 
^V    '      (     semidiameter -h  parallax ; j 

^L  Zenith  distance  =  90"  —  true  altitude, (iji 

'  Latitude  (see  Equations  1,  2,  3,  4). 

Eciuatious  1  and  2  are  the  most  froquently  applicable  to  the  ma, 
Equation  3  is  occasionally  appliaible  between  the  tropics;  and 
Equation  4  relates  to  observations  made  at  midnight,  in  suuiuier,  ia 
the  polar  regions. 

O^D.    Ijiai  of  Anihorlitra  on  Euglncerinc  Orodcar  aii<I   0Dlu«>cia  «•» 

ucicird  wiiti  II.— ButlfT  Williaina's  Practical  (Jcodcsy;  Brnff  On 
Surveying:  Castlo  On  Surveying;  HaskoU's  Engineering  FirU- 
Work;  JIaskoll  On  liailway  Construction;  Simms  On  AtaAanatioi 
Jmlruments;  Sininis  On  Levelling;  Simms's  Practical  Tunncllinf: 
Sir  Edwai'd  Belcher  On  Marine  Surveying:  Admiralty  Manual  of 
Scientijic  Inquiry,  Article  "Hydrography;"  Raper's  yatigati<m! 
De  Morgan's  Trigonometry ;  Airy's  Trigonometry,  edited  by  Pn>> 
fesaor  Blackburn. 
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IT  OF  PBINaPUES   OF  STABILTTT   AJTD   STBENQTH. 

SaoTioir  L — Of  Sirudurea  in  General, 

consists  of  poriions  of  solid  materials,  put  to 

1  to  preserve  a  definite  form  and  arrangement  of  parts, 

id  external  forces  tending  to  dititurb  such  form  and 

lent.     Aa  the  parts  of  a  structure  are  intended  to  remain 

r  relatively  to  each  other,  the  forces  -which  act  on  the  whole 

r,  and  on  each  of  its  partti,  should  bo  balanced,  so  tliat  the 

licml  principles  on  whifh  the  |wmuincnce  and  oflBciency  of 

depend  for  tlte  most  part  belong  to  Statics,  or  the 

'  balanced  forces. 

of  a  structure  may  be  more  or  lees  stiff,  like  stone, 
\  and  metalB,  or  loose,  like  eurth. 

IflBBttiog  chapters  of  this  part  will  be  divided  according  to 

Us  of  which  the  structures  they  treat  of  consist.     In  tho 

[diapter  are  given  a  summary  of  mechanical  principles  nppU- 

all  structures.     Many  passages  in  it  aro  extracted  ftom  a 

Trrati«jp  on  Apjdied  Mecluinics,  and  abridged  or  amplified 

be  •  in  order  to  suit  the  purpose  of  the  pi-esent 

.-  -jigcs  are  indicated  by  the  letters  A.  M.,  with  a 

to   tiie  number  of  the  corresponding  Article  in   that 

fix,  n«««« — ,l«l»t»— Suppcita— FoandalioDa.     (il. if.,  129, 130). — 
tcture  consists  of  two  or  more  BoUd  bodies,  called  its  piecet, 
touch  each   other  and  are  connected  at  portions  of  thair 
,ja  called  joinis.    This  statement  may  appear  to  be  applicable  to 
toree  of  ctiff  materials  only;  but,  nevertheless,  it  compi-ehenda 
'^     "       lb  also,  if  they  are  considered  aa  consisting  of  a  very 
of  Tcry  small  pieces,  touching  each  other  at  innumer- 

ttM>  pieott  of  a  fltracture  are  fi:ced  relatively  to  eacki 

■'■-»«        .   -■nig:.t'»^--  I  --Kmrnrnt,--^- 
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other,  the  sh-ucture  as  a  whole  may  be  cither  fixed  or  moveabli 
relatively  to  the  cartli, 

A  fixf'd  stnictui-e  ia  supported  on  a  part  of  the  solid  materuU 
the  earth,  called  the  foundcUum  of  the  structure ;  the  pressures  In 
which  tlie  stmctxire  is  Bupjxjrted,  being  the  reidsta.ncea  of  ttu 
various  parts  of  the  foundfttion,  may  be  more  or  leas  oblique. 

A  moveable  structure  may  be  supported,  as  a  ship,  by  floating u 
water,  or  as  a  carriuge,  by  resting  on  the  solid  ground  through 
/wheels.     When  stich  a  structure  is  actually  in  motion,  it  purttkoi 

a  certain  extent  of  the  properties  of  a  machine;  and  the  (^cU'^ 
mination  of  the  forces  by  which  it  ia  supported  requires  the  <»n- 
aidcmtion  of  dynamical  as  well  aa  of  statical  principles;  but  when  it 
is  not  in  actual  motitjn,  though  cjiixible  of  being  moved,  the  pn». 
surca  which  support  it  are  determined  by  the  principle*  of  st»ti»; 
and  it  is  obvious  that  they  have  their  resultant  equal  and  directlj 
opposed  to  the  w^eight  of  the  stnicture. 

88.  Tke  Condillon*  «r  EquillbrJani  of  ■  Stnietare  are  the  time 
following  (/I.  M.,  131}:— 

I.  Thai  the  forces  exerted  on  tfie  whole  structure  by  ext&rnal  hodim 
nhall  balance  each  other. — The  forces  to  bo  considered  under  this 
head  arc — (1.)  the  Attraction  of  the  Earl}i, — that  is,  thetM^oC 
the  stnicture ;  (5.)  the  External  Load,  arising  from  the  pressnrea 
exerted  against  the  structure  by  bodies  not  forming  part  of  it  nor 
of  its  foundation ;  (these  two  kinds  of  forces  constitute  the  gron  ox 
total  load);  (3.)  the  Supporting  Freaaimg,  or  resistance  of  the  founda- 
tion. Those  three  classes  of  forces  will  be  spoken  of  together 
the  EaOernai  Forces. 

II.  That  tfie  forces  exerted  on  eacfi  piece  of  Uie  alructwre 
balance  eacJt  other. — These  consist  of — (I.)  the  Weig/U  of  the 
and  (2.)  the  External  Locul  on  it,  making  together  the  G^ro«$ 
and  (3.)  the  Reaiatances,  or  forces  exerted  at  the  joints,  bet 
piece  under  consideration  and  the  pieces  in  contact  with  it 

IIL  Tftat  tlie  forces  exerted  on  eacft  of  the  parts  into  which  eaA 
piece  of  the  atructure  can  be  conceived  to  be  divided  shall  balance  ami 
other. — Suppose  an  ideal  surface  to  divide  any  part  of  any  one  of 
the  pieces  of  the  atinieture  from  the  remainder  of  the  jiiece;  tia 
forces  which  act  on  tlie  pjirt  so  considered  are — (1.)  its  weight,  auC 
{'2.)  (if  it  is  at  the  external  surfiice  of  the  piece)  the  external  forw 
applied  to  it,  if  any,  making  t'jgether  its  grost  load;  (3.)  the  ttrm, 
or  force,  exerted  at  the  ideal  auiface  of  division,  between  the  part 
in  question  and  the  other  parts  of  the  piece. 

tiO.   MakilltT.  Slrmaiii.  and   StUTiiem.     {A.  Af,,  132,     127). — It    U 

necessary  to  the  pomiancnco  of  a  structare,  that  the  three  fore- 
going conditions  of  equilibrium  should  be  fuLGlled,  not  only  nndrr 
one  amount  and  one  mode  of  dislTiW^iou  c^V»A,Vi^^\uideT  all  th« 
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lions  of  the  load  as  to  amount  and  mode  of  diBtributlon  wliich 
'occur  in  the  iiae  of  the  stroctiire. 
StalriiUy  consists  in  the  fulfiJment  of  the  ^rs«  and  eecond  condi- 
ti«n«  of  wjuilibrium  of  a  stnicture  under  all  variations  of  the  load 
wixhin  given  limits.     A  structure  which  is  deficient  in  stability 
way  by  the  displacement  of  its  pieces  from  their  proper  posi- 

a  structure,  or  one  of  its  parts,  \s  flexible,  like  the  chain  of 
fusion  bridge,  or  in  any  other  way  free  to  raovej  its  stability 
t  in  •  tendency  to  reoover  its  original  figure  and  position 
linil^f  been  disturbed. 
Sktngth  consists  in  the  fulfilment  of  the  tfiird  condition  cf  equi- 
Efarinm  of  a  structure  for  all  loads  not  exceeding  prescribed  linuts; 
that  i«  to  say,  the  gre^itest  internal  stress  produced  in  any  part  of 
my  piece  of  the  structure,  by  the  prescribed  greatest  load,  must  be 
micb  as  the  material  can  bear,  not  merely  without  immedlato 
Innkiog,  but  without  such  injiuy  to  its  texture  as  might  endanger 
Hb  brmking  in  the  course  of  time. 

A  pdece  of  a  structure  may  be  rendered  unfit  for  its  purpose,  not 
mnt'ly  by  being  broken,  but  by  being  stretched,  compressed,  bent, 
twisted,  or  otherwise  strained  out  of  its  proper  shapt*.  It  is  neces- 
•ly,  therefore,  that  each  piece  of  a  structure  shoiUd  be  of  such 
^unaions  that  its  alteration  of  figure  under  the  greatest  load 
qiplied  to  it  shall  not  exceed  given  limits.  This  property  ia  called 
M^neUt  and  is  so  connected  with  strength  that  it  is  necessary  to 
eouader  them  together. 


Sarriov  II. — Summary  of  the  Principles  of  the  Balance  of  Forcei, 

90.  {A.  if.,  12,  13,  17  to  24).— A  Force  is  an  action  betweerf 
t»o  bodies,  either  causing  or  tending  to  cause  change  in  tlieir 
rrlatire  rc-st  or  motion.  JB^viiibriMoi  or  Balance  is  the  condition 
of  two  or  njoitj  forces  which  are  .so  opposed  that  their  combin<jd 
action  on  a  body  produces  no  change  in  its  rest  or  motion,  and 
that  each  force  merely  tavda  to  cause  such  change,  without  actually 
anciog  it. 

In  ^eatises  on  statics,  the  word  pressure  is  often  used  to  denote 
tty  balanced  force;  although,  in  the  jwpular  sense,  that  word  is 
laed  to  denote  a  force,  of  the  nature  of  a  thrust  or  push,  distributed 
tvtt  ft  surface. 

The  relation  of  a  force  to  one  of  the  two  bodies  between  which  it 
eta,  is  determined,  or  made  known,  when  the  following  thi-oe 
lings  are  known  respecting  it: — first,  the  place,  or  part  of  the 
ody  to  which  it  is  applied;  secondly,  the  direction  of  its  action 
linllv,  its  fooffnUude. 
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L  The  plae$  of  the  application  of  a  force  to  &  bodj  may  he  tk 
whole  or  part  of  IIh  internal  mass;  in  which  case  the  foroa  is* 
aUraction  or  a  repuition,  according  aa  it  tends  to  move  the  bodu 
bofeweea  which  it  acta  towarda  or  from  each  other;  or  the  place  ( 
apy)Iication  may  be  the  aur&oe  at  which  two  bodies  touch  eioH 
otliLT,  or  the  boandiag  8uriace  between  two  parts  of  the  same  bodf, 
in  which  case  the  force  is  a  lennon  or  puU,  a  thnut  or  push,  ori 
laUral  streaa,  according  to  circnmstancea. 

Thus  every  force  has  its  action  distributed  over  a  certain  epiux, 
either  a  volume  or  a  sur£u3e;  and  a  foroe  concentrated  at  a  singla 
point  lias  no  real  existence.  Nevertheleas,  it  lb  neceBsary,  in  trrftt- 
ing  of  the  principles  of  statics,  to  begin  by  demonstrating  th* 
fropertiea  of  such  ideal  forces,  conceived  to  be  concentrated  at 
•ingle  points ;  for  the  conclusions  so  arrived  at  respecting  aingltfan^ 
(as  they  may  be  called),  are  applicable  to  the  distributed  form 
which  really  act  in  nature. 

In  reasoning  respecting  forces  oonoentrated  at  single  points,  tber 
are  assumed  to  be  applioid  to  solid  bodies  which  are  perfectly  r^^ 
or  iucajinble  of  alteration  of  figure  under  any  forces  which  can  b( 
applied  to  them.  TLia  also  is  a  supposition  not  realized  in  natun: 
but  its  consequences  may  be  applied  to  actual  bodies,  when  tbeii 
alterations  of  figure  are  insensible. 

II.  The  dinetion  of  a  force  is  that  of  the  motion  which  K 
tends  to  produce.  A  stnught  line  drawn  through  the  j>nint  ol 
application  of  a  sing^  force,  and  along  its  direction,  is  the  line  ^ 
action  of  that  force. 

III.  The  inmjnitiide«  of  two  forces  are  equal,  when,  being 
applied  to  the  same  body  in  opposite  directions  along  the  auna 
liitie  of  action,  they  balance  each  other. 

A  sinjjlo  force  may  he  represented  on  paper  by  an  am-iw-hendrd 
■truiglit  line;  the  commencement  of  the  line  jmlicating  the  jioinlof 
apjilication  of  the  force, — the  direction  of  the  lino,  the  direction  of 
the  force, — and  the  length  of  the  line,  the  magnitude  of  the  forw, 
according  to  an  nrbitniry  scale. 

'J\.  MiaMUrd  i;uii*rwei(bi.  {A.  M.,  21). — The  magnitude  oft 
force  is  expressed  arithmetically  by  stating  in  numbers  its  ratio  to 
a  certain  unil  or  standard  of  foroe,  which  is  usually  the  vxiffkt 
for  attraction  towards  the  earth),  at  a  certain  latitude,  and  at  %\ 
certain  level,  of  a  known  mass  of  a  certain  material.  Thus  tbi 
British  unit  of  force  is  the  standard  pound  avoirdupois; 
is  the  weight  in  the  latitude  of  London,  and  near  the  li 
of  the  sea,  of  a  certain  piece  of  platinum  kept  in  the  Exchequei 
office.  (See  tho  Act  18  and  1!)  Vict,  cap.  72;  also  a  pii^l 
by  Professor  W.   H.    Miller,   in   the  PkUosophical   Trawfadiem 
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i  other  units  of  force  employed  in  Brit»ixi  are,— 

The  gmin  ^  ^^  of  a  pound  avoirdupoia. 
nKrand  =  5,760  grains  =  0-82S85714  pound  avoii-dupoia. 
ffhe  hundi«d«¥ighfc  =112  pounds  avoirdupoia. 
The  ton  =  2,240  pounds  avoirdupois. 

6ncb  standard  unit  of  force  is  the  gramme,  which  is 
I  the  latitude  of  Paris,  of  a  cubic  centimetre  of  pure 
isured  at  the  temperature  at  which  the  density  of  water 
i,  viz.,  3'-945  centigrade,  or  3J>*''1  Fahrenheit,  and  under 
tc  which  supports  a  barometric  column  of  760  millimetrea 
r — that  ia,  29-922  inches. 

Rrison  of  French  and  British  measures  of  force  and  of 
in  in  a  table  at  the  end  of  this  volume. 

■lanu  orF«rcca  Aciias  la  Oa«  Mrniyht  tAnc      (J,  M.,  22). 
|cri.TA>*T  of  any  number  of  given  forces  applied  to  one  bodyj^ 
force  capable  of  balancing  that  single  force  which  balance 
broes;  that  is  to  say,  the  resultant  of  the  given  forces  ' 
directly  opposed  to  the  force  which  balances  the  give 
)  is  equivalent  to  the  given  forces  so  far  as  the  balance 
bi  ooncerued.     The  given  forces  are  called  comporteiUs 
tnnt 

pltant  of  a  set  of  balanced  forces  is  nothing, 
nltnnt  of  any  number  of  forces  acting  on  one  body  in  the' 
ight  line  of  action,  acta  along  that  line,  and  is  equal  in 
I  to  the  sum  of  the  component  forces;  it  being  understood, 
some  of  the  component  forces  are  opposed  to  the  others, 
'•  gum"  is  to  be  taken  in  the  algebraical  sense ;  that  is  to 
Mtses  acting  in  the  same  direction  are  to  be  addt;d  to,  aud 
Pf  in  opjxisite  directions  subtracted  from  each  other. 
tystem  offerees  acting  along  one  straight  line  are  balanced|^ 
'  the  forces  acting  in  one  direction  is  equal  to  the  sum  of 
acting  in  the  op[>osite  direction. 

)nitaai  D«d  eaiaace  of  InoUncd  Force*.  {A.  3f.,  51  to  o4). 
llli'st  number  of  inclined  forces  which  can  balance  each 
Tee.  Those  three  forces  must  act  through  one  pcdnt,  aud 
tte.  Their  relation  to  each  other  dey>ends  on  the  follow- 
in,  called  the  "  Pajlaxlelogbau  or  Forcks,"  from  which 

nee  of  statics  may  be  deduced. 

wfiOite  lines  of  action  traverse  one  point  he  rejrre- 
ion  and  magnktuk  by  the  sides  of  a  paralldogram^ 

is  rtpreaetUed  b^/  the  diagonal. 


'"»^ 


XATBUAU  JlSV  RHTCTITBCt. 


For 


ipte^  inrmi^  the  ptnt  O  (Bg.  GO)  Id  tw^iaroesaE^^ 
tt  difeetaon  and  Bi^Bxtode  by  O  A  and  0~B.    tk 
^  ■dtent  or  ei]oiTBlent  aag^  Sant  rf 

lliaw  two  fdccBB  Is  repreaeaoted 
dinclian  uid  majgaitade  hf 
diagonal  0  0  of  tlie  iMnlli^apaii: 
O  A  C  R  Its  raagtutode  b  ghrca 
•IgebnieaDy  by  ilte  eqiiatiao. 
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To  bdaaoe  tfae  forces  O  A  and  O  B,  a  force  is  required  eqoal 
directly  opposed  to  their  resultant  O  C.  This  may  be  expressed  ^ 
I  ■'^yjfg,  that  if  Ua  directions  and  magnitudea  of  three  forcct  ho  f<yf» 
I  aenUxl  by  the  t/tree  sides  of  a  triangle  (such  as  O  A,  A  C,  C  O),  ^ 
I  tho»e  tf tree  forces,  acting  through  one  point,  balance  each  other,  or  in 
L  other  words,  that  three  forces  in  the  same  plane  balance  each  other 
P  At  una  [wiat,  when  each  b  proportional  to  the  sine  of  the  augl< 
'       botwci-n  the  other  two. 

Tiio  following  coroUary  from  the  parallelogram  of  forces  is  c»ll« 

the  "  rOLYQON  OP  FOECEB :" 

I  IL/fa  number  of  foroet  acting  through  ilte  same  point  ?*  rejrr^ 

I  sented  by  lines  equal-  and  par- 

I  ^j »  sides  of  a  closed  jtolyijon,  tli 

\       ^^^^^  y  /    --'"  /  \  balance  each  otlier.     To  fix  tlie  ui£Ji% 

L        ^^^^^^^^-^pZ-'-'r'     •'      \  ^^^  there  be  five  forces  acting  thrOTgli 

I  J^>tC^.^   >.-.-^c  ^^  point  O  (fig.  6I),4inil  w.-prMenkd 

|^_         'j/^  Y^^^'">c^  in    (urection  and   magnitude   by  ilia 

^m       *"        »i^''''     °  lines  F„  Fj,   F,,   F^.   F..  which  «rt 

^^^^H^         p]j2  Q]  equal  and  parallel  to  the  sidc3  of  tb< 

^^^P  '  closed  polygon  0  A  B  C  D  O ;  vii. 


Fj  =  andiiOA;  F,  =  andii  ABj  F8  =  audtiBC; 
F4  =  and  ji  C  D;  Fs  =  and  (I  D  O. 


Thon,  by  the  principle  of  the  parallelogram  of  forces,  the  resultant  tS 
F.  and  F,  is  O  Bj  the  resultant  of  F,,  F,,  and  F,  is  O  C;  the  rt 
■ultant  of  F|.  Fj,  Fj,  aud  F^  is  O  D,  equiU  and  opposite  to  Fj 
Umt  tho  final  it'sultant  is  nothing. 

The  clow>d  polygon  may  be  i-ithor  plane  or  "gaudie"— >tluUil 
ia  one  plana 
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Fig.  62. 


.  Prineiple  of  the  ParaUdopipadqf  Forces. — The  simplest  gauch* 

:>n  is  one  of  four  sides.     Let  O  A  B  C  E  F  G  H  (fig.  62),  be  a 

elopiped  whose  diagonal  is  0  H.     Then 

liree  Bnooessive  edges  so  placed  a;s  to 

tk  O  aad  end  at  H,  form,  together  with 

liagonal  H  O,  a  closed  quadrilateral; 

quentlj,  if  three  forces  F^,  Fj,  Fg,  act- 

hrough  O,  be  represented  by  the  three 

I  O  A,  O  B,  O  C,  of  a  parallelopiped, 

iagonal  O  H  represents  their  resulUint, 

\  fourth  force  F,  equal  and  opposite  to 

balances  them. 

UtmmlmU^m  *(  m.  Force. — I.  Into  ttco  CompoTierds.  {A.  M.,  55, 
-In  order  that  a  given  single  force  may  be  resoh^able  into  two 
ooents  acting  in  given  linos  inclined  to  each  other,  it  is  neces- 
jfrtt,  that  the  lines  of  action  of  those  components  should 
sect  the  line  of  action  of  the  given  force  in  one  point;  and 
diy,  that  those  three  lines  of  action  should  be  in  one  plane. 
iinmjng  then  to  Fig  60,  let  O  C  represent  the  given  force, 
h  it  is  required  to  resolve  into  two  component  forces,  acting  in 
ine«  O  X,  O  Y,  which  lie  in  one  plane  with  O  C,  and  intersect 
one  point  O. 

iroagh  C  draw  C  A  II  O  Y,  cutting  O  X  in  A,  and  C  B  II  O  X, 
ng  0  Y  in  B.     Then  will  O  A  and  O  B  represent  the  com- 

nt  fbrces  required.  

»o  forces  respectively  equal  to  and  directly  opposed  to  O  A 

0  B  will  balance  O^^ 

iBiugnitudefl  of  the  forces  are  in  the  foUowing  proportions: — ■ 

k  00:OA:OB 

::sInAOB:8inBOC:8inAO  C (1.) 

,  Into  three  Components. — In  order  that  a  given  single  force 

be  resolvable  into  three  components  acting  in  given  lines 

led  to  each  other,  it  is  necessary  that  the  lines  of  action  of  the 

onents  should  intersect  the  line  of  action  of  the  given  force  in 

loint. 

turning  to  Fig.  62,  let  O  H  represent  the  given  force  which  it 

ttired  to  resolve  into  three  component  forces,  acting  in  the 

0  X,  O  Y,  O  Z,  which  intersect  O  H  in  one  point  O. 

mugb  H  draw  three  planes  parallel  respectively  to  the  planes 
2,  Z  O  X,  X  O  Y,  and  cutting  respectively  O  X  in  A,  O  Y  in 
Z in  C.     Then  will  O  A,  OB,  O  0,  represent  the  component 

1  reqoired. 
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Three  forces  respectively  eqiud  to,  and  directlj  opposed  to  0 
OB,  and  OC,  will  balance  (TK 

III.  Rectangular  Components. — The  rectangular  component! 
a  force  are  those  into  which  it  is  resolved  when  the  directioiu 
their  lines  of  action  are  at  right  angles  to  each  other. 

For  example,  in  fig.  62j  suppose  OX,  OY,  OZ,  tobothn 
axes  of  co-ordinates  at  right  angles  to  each  other.  Then  O  H 
resolved  into  three  rectangular  components,  O  A,  O  B,  O  C,  simp 
by  letting  fell  from  H  perpendiculars  on  O  X,  O  Y,  O  Z,  cutto 
them  at  A,  B,  C,  respectively. 

Let  the  three  rectangular  components  be  denoted  respectively  \ 
X,  Y,  Z,  the  resultant  by  R,  and  the  angles  which  it  makes 
the  components  by  «,  /3,  y,  respectively ;  then  the  relatjons  betvK 
the  three  rectangular  components  and  their  resultant  are  e: 
by  iJae  following  eqtwtions : —  • 


X  =  Rco8«;  Yr=EooB^i  Z^Rcosy; {!) 

R«  =  X«  +  Y«  +  Z2.    W 


Wlten  the  resultant  is  in  the  same  piano  with  two  of  its  < 
ponents  (as  X  and  Y),  the  third  component   is   null,  oail 
'equations  2  and  3  take  the  following  form: — 

X=Rcos  «  =  Rsin  j8;  Y  =  Rcos  3  =  Rsin  ir;  Z  =  0;..; 


R*=X«  +  Y«. 


In  using  equations  2,  3,  4,  and  5,  it  is  to  be  remembend 
i  oosines  of  obtuse  angles  are  negative. 

90.    Rraulinai   and    Balanea    »t  »nj   nambcr   of  ladtaml 
AcUnstbrousfa  oac  Point. — To  find  this  resultAnt  by  calculation,! 
any  three  directions  at  right  angles  to  each  other  as  axes; 
each  force  into  three  components  (X,  Y,  Z)  along  those  axes,  i 
Elder  the  components  along  a  given  axis  which  act  in  one 
OH  positive,  and  those  which  act  in  the  oppotdte  direction 
tivej  take  the  algebmical  sums  of  the  comtxiucnts  along 
1  axes  respectively  (2  •  X,  2  •  Y,  2  •  Z) ;  these  will  be  the 
[tfymponenta  of  Uie  resultant  of  all  the  forces;  and  its  magnitude  i 
rdirectiou  will  be  given  by  the  following  equations : — 

E«  =  (2-X)«  +  (S-Y)«  +  (2-Z)5j (1.) 

2X  .    2Y  2  Z 


cosa  = 


^;cos^  =  -g-;oosy  =  ^ 


(2.) 

JSf  the  forces  all  act  in  one  ^Vsme,  t^o  T<iAte.'a^uLiLr  axes  in  tbi 
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woffirjwit,  and  the  terma  containing  Z  disappear  from 
(Wjnations. 

^  tbo  (oreea  balance  each  other,  the  componenta  parallel  to  each 
hafauKM  each  other  independently;  that  is  to  SAJ,  the  three 
'  conditjona  are  faUilled : — 


rX  =  0;  2-Y  =  0;  2Z  =  0. 


(3.) 


Fig.  €S. 


the  forces  all  act  in  one  plane,  these  amdUions  of  equUibrium 
reduced  to  two. 
6l    RraaUBBf  asd  KaianM  of  Coaplea.     {A.  if.,  25  tO  37). — TwO 

of  equal  magnitude  applied  to  the  same  body  in  parallel  and 
divectiona,  but  not  in  the  eome  line  of  action  (such  aa 
W,  in  fig.  63),  bonatitute  what  ia  called  a  "  coupU." 
Sib  mm  or  leverage  of  a  oonple  (L,  fig.  63)  is  the  perpendicular 
e  between  the  lines  of  action  of  the  two  eq\ial  forces, 
tendency  of  a  couple  is  to  turn  the  body  to  which  it  is 
Bed  in  the  plane  of  the  couple — that  is,  the  plane  which  con- 
tbe  lines  of  action  of  the  two 
(The  plane  in  which  a  body 
ia  any  plane  parallel  to  thase 
I  in  the  body  whose  position  ia  not 
Bvd  by  the  turning).  The  turning 
body  ia  said  to  be  right-handed 
it  appears  to  a  spectator  to  take 
the  same  direction  with  that  of 
of  a  watch,  and  left-handed  when  in  the  opposite  direction ; 
oonples  are  deoignated  as  right-banded  or  left-handed  according 
"  le  direction  of  the  turning  which  they  tend  to  produca  The 
lie  represented  in  fig.  63  appears  right-handed  to  the  reader, 
'ha  Moment  of  a  couple  means  the  product  of  the  magnitude  of 
ibcte  by  the  length  of  its  arm  (F  L);  and  Tnay  be  represented 
Btk  of  a  rectangle  whose  sides  are  F  and  L.  If  the  force 
IPfrturn  number  of  pounds,  and  the  arm  a  certain  number  of 
Um  product  of  those  two  numbers  is  called  tho  moment  in 
and  similarly  for  other  measures.  The  moment  of  a 
may  also  be  represented  by  a  single  line  on  paper,  by  setting 
pon  its  axis  (that  is,  upon  any  line  porpendicidar  to  the  plane 
t  lo)  a  length  proportional  to  that  moment  (O  M,  tig.  63) 

i  irection,  that  to  an  observer  looking  from  O  towards  M 

couple  shall  seem  right-handed. 
e  following  principle  is  the  groundwork  of  the  theory   of 
It  may  alao  be  made  the  groundwork  of  the  whole  science 
.  instead  of  the  principle  of  the  parallelogram  of  forces ; 
of  thoae  two  principles  ia  a  necessary  consequence  of  the 


4 
4 
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1.  If  the  moments  qftioo  couples  cxting  in  the  same  dir 
in  t}ie  same  or  parallel plariea  are  eqtuU,  tfiose  coupUs  are 
that  is,   their  tendenciea  to  turn  the  body  to  which   they 
applied  are  the  samer 

The  following  propositions  are  the  chief  oonscquonoes  of 
principle  just  stated. 

IL  The  resultaiit  of  any  number  of  conples  acting  in  the 
or  parallel  planes  is  equivalent  to  a  couple  whose  moment  ia 
algebraical  sum  of  the  moments  of  the  combined  couples. 

III.  Two  opposite   coaplea  of  equal  moment  in  the  isame 
parallel  planes  iklance  each  other.     Any  number  of  couples  in  i 
same  or  parallel  planes  balance  each  other  when  the  moi 
the  right-Lauded  couples  are  together  equal  to  the  moments  < 
left-haiuled  couples;  in  other  words,  when  the  resultant  mom^w 
nothiug — a  condition  expressed  algebraically  by 

2FL  =  0. 

TV,  If  the  two  sides  of  a  parallelogram  represent  the  axes  i 
moments  of  two  couples  acting  on  the  same  body  in  planes  il 
clined  to  each  other,  the  diagonal  of  the  parallelogram  will  rt- fn 
sent  the  axis  and  momcut  of  the  resultant  couple,  which  is  equix 
lent  to  those  two. 

In  other  words,  three  couples  represented  by  the  three  ridw  i 
triangle  balance  each  other. 

V.  If  any  number  of  couples  acting  on  the  same  body  be 
sented  by  a  series  of  lines  joined  end  to  end,  bo  as  to  form  sides 
a  polygon,  and  if  the  polygon  is  closed,  those  couples  balance  i 
other. 

Theae  propositions  are  analogous  to  corresponding  prof 
relating  to  single  forces;  and  couples,  like  single  foroes. 
resolved  into  components  acting  about  two  or  three  givi-n 

97.    BrvnIUiac  and  JBulaace  af  Parallel  Forre*.     {^A.  M., 

— A  balanced  system  of  parallel  forces  consists  either  ot  ju 
directly  opjwsed  equal  forces,  or  of  couples  of  equal  forcc9^4 
combinations  of  such  pairs  and  couples. 

Hence  the  following  propositions  as  to  the  relations  amongst  \ 
moffnilutles  of  systems  of  pamllel  forces. 

I.  In  a  bahinced  system  of  parallel  forces  the  suiiM  of  Uie 
'acting  in  opposite  directions  are  equal ;  in  other  words,  thai 

braicaJ  sum  of  the  magnitudes  of  fdl  the  forceii  token  with 
proper  signs  is  nothing. 

II.  Thp  magnitude  of  the  resultant  of  any  combination  ' 
lei  forces  ia  the  algebraical  sum  of  the  magnitudes  of  the  Co 

The  relations  amongst   the  poaitiona  of  the  lines  of  ac 
aced  pai-allul  forces  remain  to  be  shown ;  and  in  Xhh 


of  directly  opposed  equ&I  forces  may  be  left  out  of  con- 
I;  for  each  such  pair  ia  independently  balanced  whatao- 
jositioQ  may  be;  so  that  the  question  in  each  case  is  to 
by  means  of  the  theory  of  couples, 
lowing  is  the  simplest  case : — 

inctyic  Af  the  ijmwer.— If  three  paralld  forcs$  applied  to  otia 
nee  eadk  other,  thet/ 
n  one  plane;  the  tvm 
irees  must  act  in  the 
iHon;  0ie  middle  force 
the  opposite  direc- 
the  magnitvdeofeach 
If  be  proportional  to 
toe  betvaeen  tfte  lines  of 
'  tfie  otfter  two.  Let 
G4)  be  maintained 

o  by  two  opiwsite  ^'S"  ^*' 

in  the  same  plane,  and  of  equal  momenta^ 


/ 


Fa  La  =  Fg  La, 

oonplea  be  so  applied  to  the  bndy  that  the  lines  of 
two  of  ihofle  forces,  —  F^  —  Fg,  which  act  in  the  same 
shall  coincide.  Then  those  two  forces  are  eqiiivalent  to 
middle  force  Fc=  —  (F^  +  Fj),  equal  and  opposite  to  the 
le  extreme  forces  +  F^,  +  Fb,  and  in  the  same  plane  with 
d  if  the  straight  line  A  C  B  be  drawn  perpendicular  to 
if  action  of  the  forces,  then 

A^=La;  CB=Lb;  Tb  =  L^  +  Lb', 
pienUy 


Dpos: 
aacl 


F^iF.  :Fe::  CB:AO:AB; (1.) 

ition  holds  also  when  the  straight  line  A  C  B  crosses 
action  of  the  three  forces  obliquely. 
e  rtauJttant  of  any  two  of  the  thi-eo  forces  F^^,  F^,  F^,  ia 
op|>osite  to  the  third. 

ir  that  two  oppo.site  parallel  forces  may  have  a  single 

it  is  necessary  that  they  should  be  unequal,  the  resultant 

difference.     Should  they  be  equal,  they  constitute  a 

ch  has  no  single  resultant 

t»t  ^'a  Cottpie  and  a  Single  Forot  in  ToiroRd  Planes. — 


lU 
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Fig.  65. 


Let  M  denote  the  moment  of  a  couple  applied  to  a  body  (fig. 

and  at  a  point  O  let  a 
force  F  be  applied,  in  a 
parallel  to  that  of  tba 
For  the  given  couple  nti^ 
an  equivalent  couple,  co; 
of  a  force  —  F  equal  and 
opposed  to  F  at  O,  ai 
F  acting  thniugb  the 
the  arm  A  O  perpend 

F  being  =  ^,  and  parallel 

the  plane  of  the  couple  M.     Then  the  forces  at  O  balauco  end 

other,  and  F  acting  through  A  is  the  resultant  of  the  aiii^ili;  fw 

F  applied  at  O,  and  the  couple  M;  that  is  to  aay,  that  ilwiihi 

Bitigie  foi-cc  F  there  be  combined  a  couple  M  vrhoae  plane  is  jiaraDi 

to  the  foroe^  the  effect  of  that  combination  is  to  akift  the  lino  < 

action  of  thjo  force  paiullel  to  itself  through 

M 
distance  O  A  =  ^  ] — ^to  the  left  if  M  is  righl 

banded — to  the  right  if  M  is  left-banded. 

VI.  Moment  of  a  Force  utUH  reaped  in 
Axis. — In  fig.  66,  let  the  straight  line  F  rqi 
sent  a  force.  Let  O  X  bo  any  straight  1 
perpendicuJai'  in  direction  to  the  line  of  actio 
of  the  force,  and  not  intersecting  it,  and  let  A 
be  the  common  perpendicular  of  thoao  two  ha 
At  B  conceive  a  jiair  of  equal  and  directlj  o 
posed  forces  to  be  applied  in  a  line  of  actii 
pamllel  to  F,  viz. :  F  =  F,  and  -  F=  -  F.  Tl 
(aip}>os(>d  n]i{ilication  of  such  a  pair  of  haluioi 
forces  does  not  alter  the  statical  condition  of 
body.  Then  tho  original  single  force  F,  applt 
in  a  line  traversing  A,  is  equivalent  to  the  force  F'  applied  in  a  li 
travereiug  B,  the  j»oint  in  O  X  which  is  nearest  to  A,  comlnsi 
with  the  cou]»le  compoaeil  of  F  and  —  P,  whose  moment  is  F  *  A 
This  is  called  the  moment  of  the  force  F  relatively  to  the  axis  0 '. 
and  sometimes  also,  the  moment  of  the  force  F  rdalivcly  to 
plane  traversing  O  X,  panvUel  to  tho  line  of  action  of  the  force. 
If  from  the  point  B  there  be  drawn  two  straight  lines  B  I> 
B  £,  to  the  cxtrcmitiea  of  the  line  F  representing  the  foro(i» 
area  of  the  triangle  B  D  E  being  =  ^  F  ■  A  B,  reproaenta  one-half 
the  moment  of  F  iflativdy  to  O  X. 
YIL  Balance  of  any  IS^alem  of  Paralld  Foroca  vtw  Onr*  P 


Fig.  66. 


P<aiM< 
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order  thnt  any  ^iem  of  parallel  forces  whose  linea  of  actioa 
ly  balance  each  other,  it  is  necessary  and  ffnfii- 
A  ing  coaditiona  should  be  fulfilled : — 
iJisii — (Aa  aliciidy  stated)  that  the  algebraical  sum  of  the  foroesi 
'  be  nothing: — 

Vy — That  tlie  nlgebraical  sum  of  the  momentfl  of  the  forces 
Jy  to  any  axis  perjieudicular  to  the  plane  in  ■which  they  act 
:  he  nothing, 

cijnditioua  -which  are  expressed  symbolically  as  follows: — 

ite  any  one  of  the  forces,  considered  as  positive  or  n<?ga- 

iing  to  the  direction  in  which  it  acts;  let  y  be  the  per- 

ilar  distance  i«f   the  lino  of   ac-tion   of   this  force  from  an 

rily  aasumod  aris  O  X ,  ^  also  being  considered  as  poaitirc  or 

tive,  according  to  its  direction;  then, 


S-F  =  0;  2yF  =  0 


.(3.) 


ing  moments,  right'-handed  couples  are  usually  considered  i 
B,  and  left-handed  couples  as  ne^tive. 
L/et  R  denote  the  r^ullant  of  any  nuwher  of  paratleL 
one  plane,  and  y„  the  distance  of  the  line  of  actioa  of  that 
\t  from  the  o&Bumed  axis  O  X  to  which  the  positions  of  forces 
then, 

R  =  2-Fj 
2-yF 
y'=  2.F'* 

ff)me  cases,  the  forces  may  have  no  single  resultant,  2  •  F 

19  0;  and  then,  unless  the  forces  balance  each  other  com- 

ff  their  resullaut  is  a  couple  of  the  moment  2 '  t/  F. 

Baiane*  (f  any  System  of  Farailel  Forces. — In  order  that 

of  parallel  forces,  whether  in  one  plane  or  not,  may 

each  other,  it  is  necessary  and  sufficient  that  the  three 

conditions  should  be  fultilled : — 

-(As  alrmdy  stated)  that  the  algebraical  sum  of  the  forces  . 
bo  nothing ; — 

?y  and  Thirdly — That  the  algebraical  sums  of  the  momenta 

*OuL  fi>r<  •  '         "    to  a  pair  of  axes  at  right  angles  to  each 

iQii  action  of  the  forces,  shall  each  be  nothing. 

nr  expreaaed  symbolically  as  follows: — 

:lic  f>air  of  axes;  let  F  bo  the  magnitude 

.  y  its  perpcindicular  distance  £ram  O  X, 

listance  from  O  Yj  then. 


2'F  =  U;  S-yF  =  0;  2-xF  =  0;. 


'^^ 


la 
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X.  Let  R  denote  the  remUani  of  any  ayatem  of  paralld  fan 
and  Xr  and  y,  the  distances  of  it&  line  of  action  from  two  rectangu 
axes;  then, 

_,     „   _,  S-kF  2yF 


...(i) 


In  some  caaee  the  forces  may  have  no  single  resultant,  1 
being  =  0 ;  and  then,  unless  the  forces  balance  each  other  complete 
tbeii-  resultant  is  a  couple,  whose  axis,  direction,  and  moment, 
fonnd  as  follows : — 


Let 


M,  =  :S.2/F;  M,=  -2.«F; 


be  the  moments  of  the  pair  of  jiartial  resultant  couples  aboati 
axes  O  X  and  O  Y  respectively.  From  O,  along  those  axes,  set 
two  lines  representing  respectively  M,  and  M, ;  that  is  to  say,  pi 
portional  to  those  moments  in  len^h,  and  pointing  in  the  direct! 
from  which  those  couples  must  respectively  be  viewed  iu  order  tl 
they  may  appear  right-handed.  Complete  the  rectangle  whc 
sides  are  those  lines;  its  diagonal  will  represent  the  axis,  directio 
and  moment  of  the  tiual  resultant  coup!e.  Let  M,  be  the  momi 
of  this  couple;  then, 

M,=  y^|M!+M;j,  (&1 

And  if  '  be  the  angle  which  its  axis  makes  with  O  X, 


008^  = 


M7 


•W 


98.  Tlie  Ccwrre  «f  Pnrniiel  FarcM  {A,  3f.,  49,  50)  is  the 

point  refeiTcd  to  in  th<>  following  principle.  The  forces  to  whi 
that  principle  is  applied  are  iu  genera!  tather  weights  or  pressun 
and  the  point  in  question  is  then  called  tixe  Centre  q/" Gravity 
the  Centre  of  Preaawe,  as  the  case  may  be. 

If  there  be  given  a  system  of  points,  and  the  mtUual  ratioi  of 
system,  of  parallel  forces  applied  to  those  points,  which  forces  hem 
aingle  resultant,  then  there  is  one  point,  and  one  only,  tchich  it  tt\ 
verted  by  the  line  of  action  of  the  resultant  of  every  system  ofpartA 
forcea  having  the  given  mutual  ratios  and  applied  to  the  given  lyiU 
ofpcmUy  vmOaoever  may  be  the  absolute  magnitudea  of  tkoie  fore 
€md  the  angular  position  of  their  lines  of  action. 
The  position  of  that  point  is  found  as  follows : — 
Let  O  in  fig.  67  be  any  convenient  point,  taken  as  the  origin 
oo-ordinates,  and  OX,  O  Y,  0  Z,  three  axes  of  oo-ordinatei 
right  angles  to  each  other, 


frCSTKE  or  PARALLEL  FORCES — FOUCES  TS  CITE  PLAITE. 


A  be  any  one  of  the  points  to  which  the  system  of  parallel 

in  question  are  applied.     From  A  dmw  x  paruUol  to  O  X, 

perpendicular  to  the  piano  Y  Z, 

I  pdUkUtJ  to  O  Y,  and  perpendicular 

<  Ibe  plane  Z  X,  and  z  parallel  to 

[  Z,  ftnd  perpendicular  to  the  plane 

XT.     ij  y,  and  z  are  the  rectaugvi- 

0(M>nlinates  of  A,  which,  being 

the  position  of  A  la  deter- 

Let    F   denote   either    the 

_  litade  of  the  force  applied  at  A, 

«ny  magnitude   proiwrtional    to 

litude.     X,  y,  z,  and  F  are 


Fig.  67. 


to  T»  known  for  every  point  of  the  given  system  of 


rint, 


conceive  all  the  parallel  forces  to  act  in  lines  jMirallcl  to 
plane  Y  Z.     Then  the  distance  of  their  resultant,  and  of  the 
of  parallel  forces  from  that  plane  is 


_Sa:F 


(1-) 


Steondlyy  conceive  all  the  parallel  forces  to  act  in  Hncs  parallel 
plane  Z  X.  Then  the  distance  of  their  resultant,  and  of  the 
I  of  parallel  forces  from  that  plane  is 


•  tiM 


(2) 


Thirdly,  conceive  all  the  parallel  forces  to  act  in  lines  parallel  to 
plase  X  Y.     Then  the  distance  of  their  resultant,  and  of  the 
itre  of  parallel  forcca  from  that  plane,  is 


a;=  -„— , 


2v»F 
S-F* 


(3.) 


If  the  forces  have  no  single  resultant,  so  that  S  ■  F  =  0,  there  ia 
i  centre  of  parallel  forces.  This  may  be  the  case  with  pressures^ 
not  with  weighta. 

'  the  parallel  forces  applied  to  a  system  of  points  are  all  equal 
in  the  same  direction,  it  ia  obvious  that  the  distance  of  the 
!  of  parallel  forces  from  any  given  plane  is  simply  the  mean 
'  the  di«t«jicea  of  the  points  of  the  system  from  that  plane. 

09.    ReMilOBt  and  Balance  of  nnr  B^alcni  of  Votcmm  ia  One  Plane 

\.  M.f  59). — Let  tlie  plane  be  that  of  the  axes  0  X  and  O  Y  in 
C7  ;  and  in  looking  from  Z  towards  O,  let  Y  lie  to  the  right  of 


i 
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X,  80  that  rotation  from  X  towards  Y  shall  be  riglit-handed. 
«i  and  y  bo  the  co-ordinates  of  the  point  of  applic-ution  of  one  of  Ul 
forces,  or  of  any  point  in  its  line  of  action,  relatively  to  the  aamuu^ 
origin  and  axes.  Resolve  each  force  into  two  rectangular  eoa 
ponenta  X  and  Y,  as  in  Article  04,  p.  137;  then  the  m 
tangular  components  of  the  resultant  are  "E  '  X  and  S  *  Y;  il 
magnitude  is  given  by  the  equation  | 

E«  =  (2-X)»+(2-Y)? (L) 

which  it  makes  with  O  X  is  found  by  the  eqoation 


and  the  angle 


008  «,= 


2-X 


R 


2Y 


i 


This  angle  ia  acute  or  obtuse  according  as  D  *  X  is  positive  or 
tive;  and  it  lies  to  the  right  or  left  of  O  X  according  as  £  ' 
positive  or  negative. 

The  resultant  moment  of  the  system  of  forces  about  the  uii 
0  Zis 


M  =  S(«:Y-yX).. 


(3,) 


and  is  right  or  left-handed  according  as  M  is  positive  or  negative, 
The  perpendicular  distance  of  the  resultant  force  R  from  0  is 


L  = 


M 

R" 


Let «,  and  y,  be  the  co-ordinates  of  any  point  in  the 
action  of  that  rcsultAiit ;  then  the  i!>quatiou  of  that  line  is 


lijn 


avS-Y-y,2-X  =  M. 


(6.) 

If  M  ^  0,  the  resultant  acts  through  the  origin  O ;  if  M  hai 
magnitude,  and  R  =  0  ( in  which  case  2  •  X  =  U,  2  •  Y  =  0)  thi 
resultant  is  a  couple.  The  coaditions  of  equilibrium  of  the  svxteil 
of  forces  are 


2'X  =  0i  2-Y=0;  M  =  0. 


100,   RrmltBiil  and  Balance  «C  any  SjnMcm  or  Fareea.    ^A.  M.,  60.] 
I        —To  find  the  resnltwnt  and  the  conditions  of  equilibrium  < 
H^^Btem  of  forces  acting  through  any  s^'stem  of  points,  the 
^^Bnd  points  are  to  be  refeiTed  to  three  rectangular  axes 


'  iBBVlTAVr  ASP  BALAKCB  OP  AXT  SVSTEU  OP  FORCES. 


U7 


be£ore,  let  O  in  iig.  67,  p,  145,  denote  the  origin  of  co- 
itcB,  nnd  O  X,  O  Y,  O  Z,  the  three  rectangular  axes;  and 
be  arranged  so  thut  in  looking  from 

X  ]  (  Y  towards  Z 

Y  >towiuxl8  O,   rotation  from-'  Z  townrds  X 
Z  )  (X  iowarda  Y 

I  Appear  rigbt-handed. 

X,  Y,  Z,  denote  the  rectangular  components  of  any  ono 
forces;  x,  y,  z,  the  co-oi-dinates  of  a  jioint  in  its  line  of 

the  algebraical  Bums  of  all  the  forces  which  act  along 
axes,  and  of  all  the  couples  which  act  round  the  samo 
Uie  six  following  qnantities  are  found,  which  compose  the 
it  of  the  given  system  of  forces : — 


Vorcea. 

2»Xj  S-Y;  2Z 
about  O  X;  M,  =S  (yZ-sY); 


(!■) 


OY;  M,  =  ^(zX-xZ)-} (2.) 

OZj  M,  =  2(j:Y-yX). 

time  forces  are  equivalent  to  a  single  force 

B^y'|(2-X)»  +  (2-Y)2  +  (2-Z)«}, {i) 

>agh  O  in  a  line  which  makes  with  the  axes  iihe  angles 
tlie  equations 

2    X  2* Y  2    Z 

cos  m  =^^  ;  cos  /3  =  -^— ;  cos  y  =  -^ (4.) 

>n}t1es  3f,,  M„  IVIj,  are  equivalent  to  one  couple, 
ie  is  given  by  the  equation 

M  =  ^(MI  +  MJ  +  MJ), (5.) 

flirlKMe  axis  mulcea  with  the  axes  of  co-ordinates  the  angles  given 
Uic  canatinDB 

M, 


In 


«>BA=—  ;  co8/«  =  ^j^  ;  cos  j-  =  ^, 

.  .  ,    )       I  dtuoli"  rLv<yii:ctiv(lv  the  angles  j  r^  -rr  L 
rhidi  -,  ^  >  ^^^^  ^^  ^^^^  axis'  of  M  with  1  J^  g  i 


(6.) 
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The  Conditions  of  Equilibrium  of  the  system  of  force*  maj 
ezpresaed  in  either  of  the  two  following  foiToa : — 

2'X  =  0j2«Y  =  0;2-Z  =  0iM  =0;M  =0;M,  =  0;(7.) 

or  R  =  0;  M=0 ..(8.) 

When  the  system  is  not  Imlancod,  its  resultant  may  fall  oodi 
one  or  other  of  the  following  cases : — 

Case  I. — When  JI  =  D,  the  i-esultant  is  the  aln^le  forcQ  R  actuj 
through  O. 

Case  II. — Wlun  the  cads  of  M.  is  at  rigfU  angles  to  the  direction 
B, — a  caae  expressed  by  the  foUowiug  equation : — 

cos  «  cos  x-j-oos  fi  cos  ^-f  cos  y  cos  »  =  0j  (9.) 

the  resultant  of  M  aatl  R  ia  a  single  force  equal  and  parallel  to  ] 
acting  iu  n,  plaae  pcrpcudicular  U>  the  axis  of  M,  and  at  a  perpq 
diculur  distance  from  O  given  by  the  equation 

1^=1 (1^) 

Case  III. — When  R  =  0,  there  is  no  single  resultant;  and  H 
only  resultant  la  tJie  couple  M. 

Case  IV. —  When  tlieaxia  n/M  is  parallel  to  tfie  line  of  action  o/B, 
that  ia,  when  either 

^  =  »i  ^  =  /»;  »  =  y, (H.) 

or  >=  -  «;  M=  - /S;  *=  -  y;  (12.) 

there  is  no  single  resultant;  and  the  sjrstem  of  forces  is  oquivild 
to  the  force  R  and  the  couple  M,  being  incapable  of  being  iartbec 
simplified. 

Case  V. —  When  (Its  aaris  of  M  ia  oblique  to  tJis  direction  of  ^ 
muking  with  it  the  angle  given  by  the  equation 


cos  *  =  COS  X  cos  «»+C08  /*  cos  ^-f  cos  »  COS  '/,..,.   (13.) 


Stho  couple  M  is  to  be  resolved  into  two  rectangular  compoDCsti, 
viz: — 
i 


M  sin  0  round  an  axis  perpendicular  to  R,  and  in  ' 
the  plane  containing  the  direction  of  R  and  of 
the  axis  of  M; 

M  cos  i  round  an  axis  parallel  to  R. 

Til  6  force  R  and  the  couple  M  sin  6  are  equivalent,  as  ii 
•J  to  a  single  force  equal  anOi  ^jotaWdi  Vj'Ss^VowaVvaR.QC 


m 
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le  perpendicular  to  that  containing  II  and  the  a^  of 
perpendicular  distance  from  O  is 


M  sin  4 


(15.) 


lit  COB  #,  whose  axis  is  parallel  to  tlie  line  of  action  of 
lie  of  further  combination. 
It  appears  finally,  tliat  eveiy  system  of  forces  whicli  is  not 
need,  is  equivalent  cither,  (A) ;  to  a  single  force,  as  in  Cases 
I.  (B);  to  a  couple,  as  in  Case  III.  (C);  to  a  force,  com- 
ith  a  couple  whose  axis  is  parallel  to  the  line  of  action  of 
e,  as  in  Cases  IV.  and  V.  This  can  occur  with  inclined 
lily;  for  the  resultant  of  any  number  of  parallel  forces  is 
I  single  force  or  a  couple. 

Pnnillt-I  ProjecUona  •r  TraaMfonttntiona  in  ftintlca.     (^A.    J/., 

1.) — If  two  figures  bo  so  related,  that  for  each  point  in  one 
A  corresponding  point  in  the  other,  and  that  to  each  pair  of 
lid  parallel  Hues  in  the  one  there  corresjwncls  a  pair  of 
Bd  parallel  lines  in  tlic  other,  those  tigures  are  said  to  be 
IL  PROJECTIONS  of  each  other. 

elation  between  such  a  pair  of  figures  is  expressed  algebrai- 

foilows : — Let  any  figure  Ite  referred  to  axes  of  co-oitMnates, 

*  rectangular  or  oblique ;  let  x,  y,  z,  denote  the  co-orJinatea 

oint  in  it,  which  may  be  denoted  by  A:  let  a  second  figure 

ructed  from  a  second  set  of  axes  of  co-ordinates,  either 

[  with,  or  differing  from,  the  first  set  as  to  rectangularity 

quity  ;  let  a',  if,  z\  be  the  co-ordinates  in  the  second  figure, 

point  A'  which  corresponds  to  any  poibt  A  in  the  first  figure, 

t  those  co-ordinatea  be  so  related  to  the  co-ordinates  of  A, 

r  each  pair  of  corresponding  points.  A,  A',  in  the  two  figures, 

ree  pairs  of  corresponding  co-ordinates  shall  bear  to  each 

ooostaot  ratios,  such  as 


—  =o; — —6;  —  =  c; 


those 


two  figures  parallel  projections  of  each  other. 

mple,  all  circles  and  ellipses  are  pandlcl  projections  of 

so  are  all  spheres,  spheroids,  and  eUipsoids;  so  are  all 

I  are  all  triangular  pyramids;  so  are  all  cylinders;  so 


4 


lowing  are  the  geometrical  properties  of  parallel  projeo- 
are  of  most  importance  in  statics  :^ 
illel  ])rojection  of  a  system  of  three  points,  lying  in 
line  and  dividing  it  in  a  given  proportion,  is  also  a 


A 


k 
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uyittn.  of  three  points,  Ijlng  in  one  straight  line  and  dividibg  it 
we  same  proportion. 

II.  A  parallel  in-ojection  of  a  system  of  parallel  lines  wlw 
len^thfl  bear  given  ratios  to  each  other,  is  aliso  &  system  of  panill 
lines  whose  lengths  bear  the  same  ratios  to  each  other. 

III.  A  parallel  projection  of  a  closed  polygon,  ia  a  dm 
polygoa 

IV.  A  para.lh'1  projoctiou  of  a  parallelogram  is  a  pamnplogru 
Y.  A  paniUel  projection  of  a  parallelopiped  ia  a  parallelopijMx 
VL  A  parallel  projectinn  of  a  pair  of  parallel  plane 

whose  areaa  are  in  a  given  ratio,  is  also  a  pair  of  patxdl( 
mirfacea,  whose  areas  ore  in  the  same  ratio. 

VII.  A  parallel  projection  of  a  pair  of  volumes  ha^-ing  a  giti 
ratio,  is  n  pair  of  voIhiihs  having  the  same  ratio. 

Tin?  fill  lowing  fut3  the  mechanical  properties  of  parallel 
tions  iu  cfiimoctjon  with  the  principles  set  forth  in  this  section: — 

VIII.  It"  two  systems  of  points  be  jmralle!  jirojections  of 
other;  and  if  to  each  of  those  sj'stems  there  be  applied  a 
parallel  forces  bearing  to  each  other  the  same  system  of  ratii 
the  centres  of  parallel  forces  for  those  two  systems  of  points  wiD 
imrallel  projections  of  each  other,  mutually  related  in  the 
nuurner  witli  the  other  pairs  of  corresponding  points  in  the 
systemK 

IX.  If  a  balanced  gy»t«m  of  forces  acting  through  any  system 
points  be  represented  by  a  system  of  lines,  then  will  any 
j>rojectiou  of  tluit  system  of  lines  represent  a  balanced  « 
forces;  and  if  any  two  systems  of  forces  be  represented  by 
which  are  parallel  projections  of  each  other,  the  Lines,  or  sett 
\mv&,  ropruscnting  their  reauitanU,  are  corresponding  parallel  ^ 
jcctions  of  each  other, — it  being  observed  that  couples  are  to 
I'opresented  by  paii-s  of  lines,  as  ]>aira  of  opposite  forces,  or  by 
and  not  by  single  lines  along  their  axes. 

Section  UL — Of  Distributed  Foreot. 

102.  DUlrtbared  Force*  in  CinnvmJ.  (A.  M.,G7,  68.) In  Artldo! 

p.  1 33,  it  has  already  been  explained,  that  the  action  of  eveij  i 
force  is  di^ributed  throughout  some  volume,  or  over  some 
It  is  always  possible,  however,  to  hnd  either  a  single 
resultant  couple,  or  a  combination  of  a  single  force  with  a 
which  a  given  distributed  force  is  equivalent,  so  far  as  it  aff© 
equilibrium  of  the  body,  or  part  of  a  body,  to  which  it  is  apphed. 

In  the  application  of  Mechanics  to  Structui-es,  the  only  ;" 
tributed  throughout  the  volume  of  a  body  which  it  is  ne 
consider,  ia  its  iceighl,  or  attraction  towards  the  earth.; 


aderoti  are  iu  every  instance  so  small  as  compared  with 

.t  thia  attractiou  may,  without  appreciable  error,  be 

tions  at  each  point  in  each  body.     Moro- 

.  over  surfaces  are  either  paniHel  at  each 

It  o  lacus  ut  application,  or  capable  of  being  resolved 

set-  .^1  forces;  hence,  pamlUl  distnbiif^l  furccs  have 

to  Li;  considered ;  and  every  such  force  is  statically  equivalent 

in  a  <?Tii':'!»  n-sultant,  or  to  a  resultant  couple. 

'«/«/ /'yrceia the  ratio  which  the  m;igni- 
4  in  unita  of  weight,  beais  to  the  space 
ich  it  18  distributed,  expressed  in  units  of  volume,  or  in 
surface,  as  the  case  may  be.     An  unit  of  Intriitiity  is  an 
lit  of  force  distributed  over  an  unit  of  volume  or  of  surface,  as 
be  case  may  be;  so  that  there  are  two  kinds  of  units  of  intensity. 
exnmple,  one  jmund  per  cubic  fool  is  aji  unit  of  intensity  for  a 
dustributed  throughout  a  volume,  such  as  weight ;  and  0710 
"  per  square  fool  is  an  unit  of  intensity  for  a  force  distributed 
• »  Biirfjio«»,  auch  as  pressure  or  friction, 

vr«i«iit— 9|iecUc  Grariiy.    (A.  if.,  69.) — The  intensify  o/lJu 
of  a  body  i»  expressed  either  by  stating  how  many  units  of 
•  arc  contained  in  an  unit  of  vulume  (for  e»imple,  pounds 
iiipoia  in  a  cubic  foot,  or  in  a  cubic  inch),  or  by  stating  the 
rhich  the  weight  of  a  given  volume  of  the  body  bears  to  the 
ipi  the  same  volume  of  a  standard  sab.stanoe  (pure  water) 
tteluiiLrd  pressure  (the  average  atmospheric  pressure  of 
on  tlic  squai-e  inch)  and  at  a  standard  temperature  (which 
lin  is  C^"*  Fahrenheit,  and  in  France-,  the  temperature  at 
iter  is  most  dense,  or  2d°-l  Fahr.  =  3''-945  Cent).     The 
ioncd  ratio  is  called  the  '^Simcijic  (rrafr^y "  of  the  body, 
lit  of  a  cubic  fixit,  there  is  no  single  term  in  Englisli : 
111  riiaps  be   called    "  heaviness;"    that   being    a   word 

at  present  is  not  appropriated  to  any  scientific  purposa 
lit! 7  to  the  French  system  of  measures,  there  is  no  need  for 
■  in;  because,  as  a  litre  (a  cubic  decimetre)  of  pure 
»ii:  I  ■viinnm  denwty  weighs  a  kilogramme,  the  weight  of 

I4('.  of  any  substance  in  kilogi^mmea  is  its  specific 

l^.i., ,  .lu^u  ^,x  |/are  water  licing  unity. 

nio  weight  of  a  cubic  foot  of  pure  wuter  at  3d'-l  Fahl.  IB 

62  "425  lbs.  avoirdupois. 

—-  from  SQ'-l  to  62°  Fahr.,  pure  water  expands  in  the 
Lnt)  1 1  Iti  to  1,  and  has  it-s  density  diminished  in  the  ratio 

f-  f  1] ,'  hence  the  weight  of  a  cubic  foot  of  pure  water  at 
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62-425  X  -998883  =  62-355  lbs.  avoirdupois; 

and  for  any  other  substance  yre  have, 

Heaviness  in  lbs.  avoirdupois  per  cubic  foot  =  Specific  )     ... 
Gravity  X  02-355 /•"^^'' 

In  a  table  at  the  end  of  this  volume  are  given  the  specilic  graritf 
and  heaviness  of  such  materiiils  as  most  commonly-  occur  in  strtw 
tures.  So  far  as  that  and  similar  tables  relate  to  solid  niat«ri»H 
they  are  approximate  only;  for  the  speciiic  gravity  of  the  sama 
8ohd  substance  varies  not  only  in  different  specimens,  but  £re« 
queiitly  even  in  different  jiarta  of  the  same  specimen  ;  still  tin 
uiipi-oximatc  values  are  sufficiently  near  the  truth  for  practii 
purposes  in  the  art  of  construction. 

lOi.  {A.  M.,  70  to  85;)— The  cmiK  •rcraviir  of  a  bo<ly,  or 
pystem  of  bodies,  is  the  iwint  always  traversed  by  the  i-esul 
the  weight  of  the  body  or  system  of  bodies, — in  other  words, 
centre  of  pareUld  forces  for  the  weight  of  the  body  or  system 
bodies.     (See  Article  98.) 

To  support  a  body,  that  is,  to  balance  its  weight,  the  resuliant 
the  supporting  force  must  act  through  the  centre  of  gravity. 

"When  the  centre  of  gravity  of  a  geometrical  Ji^jitre  is  spoken 
it  is  to  bo  tiuderstood  to  mean  the  jwint  where   the 
gravity  would  be,   if  the  figure  were   filled   with  a  siil 
nuiform  heaviness.     The  following  are  the  most  uaeful  ol  f  Uf  fi^'- 
cesses  for  finding  centres  of  gravity. 

I.  Il"  a  body  is  Jicmogeneous,  or  of  equa]  specific  gravity  tl 
out,  and  so  far  si/muietrical  as  to  have  a  centre  o/jiffure;  t' 
point  within  the  body,  which  bisects  every  diameter  of  the 
<li-!iwn  through  it,  that  jxiint  is  also  the  centre  of  gravity  of  tl' 
body. 

Amongst  the  bodies  which  answer  this    description   are,  tl 
sphere,  the  ellipsoid,  the  circular  cylindf.r,  the  elliptir 
prisms  whose  bases  have  centres  of  figure,   and  pamii 
whether  right  or  oblique. 

ir.  The  common  centre  of  gravity  o/a  tet  of  bodies  whose  ae 
centres  of  gravity  are  known,  is  the  centre  of  parcillel  force*  fur 
-weights  of  the  several  bodies,  each  considered  as  acting  throuj 
ite  centre  of  gravity.     (See  Article  98,  p.  144.) 

III.  If  a  homogeneous  body  be  of  a  figure  which  is  eyrr>""^'^" 
on  either  side  of  a  given  plane,  the  centre  of  gravity  is  in  t 
If  two  or  more  such  planes  o/"  symTwefry  intersect  in  f^T--  ' 
nf  iymmary,  the  centre  of  gravity  is  in  that  axia,     I  •: 

<  of  svmmetry  intersect  each  other  in  a  pointy  tuai  { 
ivity. 


CXXTRE  OF  OBAVITY. 

\  To  find  the  centre  of  gravity  of  a  homogeneous  body  of  any 
%f  asaume  three  rectangular  co-ordinate  planes  iu  any  con- 
mt  position,  as  in  fig.  (37,  p.  145. 
I  find  the  distance  of  the  centre  of  gravity  of  the  hody  from 
of  those  planes  (for  example,  that  of  Y  Z),  conceive  the  body 
B  divided  into  indefinitely  thin  plane  layers  parallel  to  that 
\  Let  9  denote  the  area  of  any  one  of  those  layers,  and  cf  a;  it» 
aca^  80  that  tdx\&  the  volume  of  the  layer,  and 


c, 


W^jsdx, 


of  the  whole  body,  being  the  sum  of  the  volumes 
layera.     Let  x  be  the  perpendicular  distance  of  the  centre 
layer  «dx  from  the  plane  of  Y  Z.     Then  the  peqjendicular 
ace  X,  of  the  centre  of  gravity  of  the  body  from  that  plane  is 
1  by  the  equation 


1 


«,=• 


..  (1.) 


nd,  by  a  similar  process,  the  distances  ?/„,  z^,  of  the  centre  of 

ity  from  the  other  two  co-ordinate  planes,  and  its  position  will 

>mpletely  determined. 

the  centre  of  gravity  is  previously  known  to  be  in  a  particular 

^  it  is  suflicient  to  find  by  the  above  process  its  distances  from 

planes  perpendicular  to  that  plane  and  to  each  other. 

the  centre  of  gi-avity  is  previously  known  to  be  in  a  particular 

it  is  Butficient  to  find  its  distance  from  om  plane,  perpendicular 

lat  tine. 

,  If  tJte  tpedfie  gravity  of  the  body  variety  let  to  be  the  mean 

xaoB  of  the  layer  s  dx^  so  that 


W: 


fwtdXf 


e  weight  of  tlie  body.    Then 

fxwsda     m 

Tentre  of  Gravity  found  by  Addition. — When  the  figure  of  a 
insists  of  parts,   whose  respective  centres  of  gravity  aro 
irn,  the  centre  of  gravity  of  the  whole  is  to  be  found  aa  in 


tu 
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VJDL   Centre  of  Gravity  found  try  SuhtracAm. — ^When  the  fi^ 
of  a  homogeneous  body,  whose  ce. 
gmvity  ia  sought,  can  be  made  by 
away  a  figure  whose  centre  of 
known  from  a  hirgia-  figure  whose 
of  giiivity  is  kno^vn  also,  the  folli 
method  may  be  used. 

Let  A  C  D  be  the  larger  figure,  6^  i 
known  centre  of  gravity,  Wj  its  weigli 
Let  A  B  £  be  the  amaiier  figure,  whi 
centre  of  gravity  G,  is  knoyrn,  W,  j 
weight.     Let  E  B  C  D  be  tlie  figure  wna 

centre  of  gravity  G,  is  sought,  made  by  taking  away  ABE 

from  A  C  D,  so  that  its  weight  is 

Join  Gj  Gji  G3  will  be  in  the  prolongation  of  that  straight  line  U 
yoiid  G|.     Li  the  same  straight  line  produced,  take  any  point  O 
origin  of  co-ordinates.     Muke  0  G,  =«,  j  U  Oj  =  a:j,  0  Gj  (the  ofl 
I  known  quantity)  =  Xy 
Then 

*8=-Wi-W,    ^^'> 

Centre  of  Gracity  Altered  by  Transposition. — In  fig.  69, U| 
A  B  C  D  be  a  body  of  the  weight  W^ 
whose  centre  of  gravity  G.  is  known.  Lat 
the  figore  of  this  body  be  altered,  by  tniit- 
poaing  a  jiart  whose  weight  is  W,,  from  tit 
position  £  0  F  to  the  position  F  D  H,  to 
that  the  new  figxire  of  the  body  is  A  B  H  £, 
Let  Gj  be  the  original,  and  G,  the  new 
poiiitiaii  of  the  centre  of  gravity  of  Uw 
tiansjwsed  part  Then  the  centre  of  grari^ 
of  the  wliuie  body  will  be  shifted  to  0„  ia 
a  direction  Gg  G,  parallel  to  O^  Gi.  ini 
through  a  distance  given  by  the  formula 

6(^3=^-(52^» (4) 

"0 

IX.  Centre  of  Gramty  found  by  Profeotion  or  Tramsformatiai 
' — If  the  figures  of  two  bomogQDfious  bodies  are  parallel  projcotioDi 
of  each  othier,  the  centres  of  ip»viiy  of  those  two  bodies  are  c(mtm> 
fondipg  points  in  those  pata^el  Yto^oc^ioTML 


vin. 


CBN  THE  OT  GEAVITir. 
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symbolically, — as  in  Article  101,  let  x,  y,  z,  ho 
llnat«8,  rectangular  or  oblique,  of  any  point  in  the  figure 
body;  «*,  j/,  z,  those  of  the  corresponding  point  in  tho 
*«  y«  *j>  tlifi  co-ordinates  of  the  centre  of  gravity  of 
a{„  j/„  s^„  those  of  the  centre  of  gravity  of  tiie  second 


(5.) 


.  facilitates  much  the  finding  of  the  centres  of  gravity 
which  are  potallel  projectionB  of  more  aimple  or  more 

ires. 

,  let  it  be  supposed  that  a  formula  is  known  (which 
in  p.  157)  for 
\  the  centre  of  gravity  of  a 
of  a  circular  dific,  and  let  it 
[nired  to  lind  the  centre  of 
r  of  a  sector  of  an  elliptic 
In  fig.  70,  let  A  F  A  F  be 
iipse,  A  O  A  =  S  a,  and 
P=  2  6,  its  axes,  and  CO  IV 
(tor  whose  centre  of  gravity 
Bred.  About  the  centre  of 
lipM,  O,  describe  the  circle, 
B,  who&e  radius  is  the  eemi- 
»jor  a.  Through  C  and  D' 
tively  dmw  E  C  C  and  F  D'  D, 
si  to  O  B,  and  cutting  the  circle  in  C  and  D  respectively ;  the 
T  sector  C  O  D  is  the  parallel  projection  of  the  elliptic 
COD*.  Let  G  be  the  centre  of  gravity  of  the  sector  of  the 
rdisc,  its  co-oi-dinates  being 


Fig.  70. 


{ 


OH  =  a-  HG. 


•  y^ 


e  oo-oi-dinates  of  the  oentie  of  gravity  G'  of  the  sector  of 
iptic  disc  are 


k 


BrG'=y'.  =  ^'-( 
a     / 


(6.) 


Centre  of  Grmity  found  FxperimeniaUy. — ^The  centrs  of 
r  of  a  body  of  moderate  size  may  be  found  approximately  by 
ment,  by  hac^in^  it  up  auccesidvely  by  a  single  cord  in  tw^ 
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different  positions,  and  finding  the  single  ]-)oint  in  the  body  wl 
in  both  poaitiona  is  intersected  by  the  axis  of  the  cord. 

105.   Ezunplea  ofinreinhu  And  CentrM  •rOiavtcr.     (il.  AT,  S3.' 
The  following  examples  consist  of  formulse  for  the  weight,  and 
position  of  the  centre  of  gravity,  of  homogeneous  bodies  of 
forms  which  most  commonly  occur  in  practice.     In  each  case  i 
notc5  the  heaviness  of  the  body,  W,  its  weight,  and  x,,  «ta,  the  ( 
ordinates  of  its  centre  of  gravity,  which  in  the  diagrams  is  marl 
G,  the  origin  of  co-ordinates  being  marked  0. 


A. — Prisms  axd  CyuiTDEEa  with  Paaallel  Bases. 

The  word  cylinder  ia  hure  to  be  taken  in  its  most  general  mean-j 
ing,  as  corapreh«nding  all  solids  traced  by  the  motion  of  a  pliMJ 
curvilineai"  tignre  pai-allel  to  itself. 

The  examples  here  given  apply  to  flat  plates  of  uniform  thick* 
ness. 

In  the  formidte  for  weights,  the  length  or  thickness  is  suppos*!  j 
to  bo  unity. 

The  centre  of  gravity,  in  each  case,  is  at  the  middle  of  tlie  lesgtk 
(or  thickness);  and  the  formulae  give  its  situation  in  the  pUiw 
tigure  wlirch  represents  the  cross  section  of  the  prism  or  cyliudrr,  j 
and  which  is  specified  at  the  commencement  of  each  example. 

I.  Triangle. — (Fig.  71.)  O,  any  angle.  Bisect] 
opposite  side  B  C  in  D.     Join  A  D. 


flc,  =  0  0=^(75" 


W=: 


«J 


O^'  B  C  ■  sin.  .^  O  D  C 


Kg.  71. 


XL  Polygon. — Divide  it  into  triangles;  ixA  [ 
the  centre  of  gravity  of  each ;  then  tind  theff 
common  centre  of  gravity  as  in  Article  iWi 
OasoIL,p.'l52. 

lEL    Trapezoid.— CF\s.    "-! 
A  B  II  C  K 

Greatest  breadth,  A  B  =  B- 
lieast  „  C  E  =  h- 

Bisect  A  B  in  O,  C  E  ia  I 
join  O  D. 


^    CD/,     1  B-n 


OBMTaE  OF  ciLivrrT. 


ua 


W  =  wOP 


B  +  6 


sin  .^  D  O  B. 


I — (Second  solution. ) — (Fig. 
^polnt  where  inclined  sides  meet     L< 

2    «i  — rf 


73.) 


O     iC|  "^^  «Q 


w= 


-^.^^I-^. 


:0F 


(cotan  .^  O  A  B  +  cotan  ^i::  0  B  A). 


V.  Parabolic  Ilalf-Segmmt. — 
>  A  B,  fig,  74.)  O,  vertex  of 
tmeter  O  X;  OA  =  x.;  A~B 
y^  ordinate  ||  tangent  0  C  Y. 

2 


Fig.  74. 


VL  Fwrabolic  SpandrU..—{0  B  0,  fig.  74.)   G',  centre  of  gravity,, 
3  3  1 


TIL  Cimdar  Sector.— (0  A  C,  fig.  75.)     Let  0  X  bisect 
DgIeAOC;OYXOX  x 

Iftdins  O  A  =  r 

iilfntrc,  to  ndins  nmij,  ^-7-7^  =  A 
2      sin* 


Fie.  76. 
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YIIL  Circular  Hal/-SegmMU.—{ABK,  Fig.  75.) 


iStf 


4  ain'  -.  —  sin*  S  cos  t 


"^'S^'tf-ain^coarf^^O"*"     3  (tf-cos  <Bm  #) 

W  =  g  «H^  (^  -  COS  4  Bin  I). 

IX  Cireular  Spandril.--(A  D  X,  Fig.  75.) 

_l    ,  BJn'rf 


1 


3  8iu2 rf-28in»<ooB*-4Bin*2 


2  Bin  *  -  sia  <  C08  tf  -  tf 


1 


W  =  wr^  •  Tsin  rf  - 1  ein  *  cos  tf 


4)- 


2C  factor  0/ Ring.— (A  C  F  E,  Fig.  75.)  0  A=^r;  O  E  =  f'. 
2  r^-r'^  Bintf       _^ 

XL  EUiptie  Sector,  H<Jf- Segment,  or  Spaiulnl. — Centre  of  gravi^ 
to  be  foun(i  by  projection  from  that  of  corresponding  circnlar  figon^ 
as  in  Article  104,  Oaae  IX.,  p.  154. 

B. — WKDQEa 

Xn.  General  Formvlee/dr  Wedges. — (Fig.  76.)  All  wedgas  van 
be  divided  into  parts  such  as  the  figure  here  represented.  O  A  Yj 
O  X  Y,  jilanes  meeting  iu  the  edge  O  Y  j  A  X  Y,  cylindrical  (or  pris- 
matic) surface  perpendicular  to  the 
plane  O  X  Y;  O  X  A,  plane  triangle  ,, 

jwrpendicular  to  the  edge  O  Y;  O Z, 
axid  perpendicular  to  XO  Y.   Let  OX 

ttB,jXA  =  «,.     Then«=^ 
W  =  «7*— ^  /  xf/'da 


Fig.  76. 


jx^ydx  Izif^'dx 

^  =  -y i  yo=— 7 '>  ^=  2^' 

jxydz  2i\xy'dx  ^ 


This  last  equation  denotes  that  C  is  in  the  plane  vhioh  trav^ei'sca 

J  Y  and  bisects  A  X.) 
In  a  symmetrical  wedge,  if  O  l>e  taken  at  the  middle  of  the  edge, 
=  O-     Such  is  the  case  in  the  followiug  examples,  in  each  of 

vhich,  length  of  edge  =  2  y^. 

XI 1 1.  jBectangutar  Wedge, — ( =  Triang'alar  Prism.) — (Fig.  77.) 


CESTBX  OF  GRATITT, 
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2 


Rg.  77. 
XrV.   Triangular  Tr«i^A—(  =  Triangular  Pyramid.)— (Fig.  78.7 


.fl 


^=z»>''^yi'hi'9=9'i' 


Fig.  78. 


XV.  Smmdreular  TTdx^rc— (Fig.  79.) 


Radius  ^^  =  Olr  =  r. 
3"  '   "*'  "•"  16 


W  =  |«r«»i;  a^=^r=- 58905  r. 


FIjj  79. 


XVX  Aimulftr,  w  ffoUoto  SemicirctUar  Wedge. — (Fig.  80.) 
Xbctenal  radius,  r;  internal  t'. 


3  sr     r* 


C.  —Cones  aito  Pteamids. 


Let  O  denote  the  apex  of  the  cone  or  pyramiil 
ipitt,  and  X  the  centre  of  gravity  of  a  supposed  flat  plate  whose 
iille   section  coincides  with  the  base  of  the  cone,  or  pyramid- 
oeotre  oigntri^  will  lie  in  the  axis  0  X. 


180    . 


MATERIALS  AXD  STRCCTUBEaL 


Denote  the  area  of  the  baw  by  A,  and  the  angle  -vrhlclx  il 
vith  the  axis  by  §. 


i 


XVIL  Complete  Cona  w  Pyramid, — Let  the  height  0  2. 


3  1 

a^  =  2"  /* ;  W  =  2  xb'  khma  $. 


I 


XVIIL  Truncated  Cone  or  Pyramwi— Height  of  portion 
cated  =  h'.  ^ 


3    A*  — A*    ^      1       ..    (.       /i'»\    .    / 


D. — POBTIONS  OF  A  SpHEBE.  ^" 

XIX  Zone  or  Ring  of  a  Spherical  Shell,  bounded  by  tvro  co 
BiirfHces  having  their   common 
A\    j.f'Z-X i:^i^  at  the  centre  O  of  the  sphere  (£g 

O  X,  axis  of  cones  and  zona  ^m 

r,  external  radius  \    e  i,^^| 

r',  internal  radius  j 

,£i  X  O  A  =  «,half-angleof  less  I 

,*:iX0B=|9,      „       greater/ 

Ftg.  81. 

3     r*  —  r'4    C08  *  +  coa  /S 
"^  =  "4  >_r'8"  a 


H 


W=^^  (f«  —  r'*)  '  (cos  /3^ C08  .). 


XX.  Sector  qf  a  Eemisplierieal  Shdl—(C  X  D,  fig.  82.) 
bisects  angle  DOO ;  ^  D  0  C  =  *. 


3    r^  —  t^*' 


3  X   r*  _  t'i  i 


0-  8  V  — /»'  ^°"  IG  '?^^'' 


w=^(^-^) 


Fig.  89, 


STKEsa — rnausT — pull — soeab. 


IGl 


06.  ^i>r—  Urn  lai«B*itT,  Ii4>anlinni,  Centre,  nni  .Tlomrnl.  (.(.  3f., 
to  89.) — The  word  Stkess  ]ias  been  adopted  as  a  general  term  to 
prehend  various  forces  whidi  are  exerted  between  coutiguoua 
or  parts  of  bodies,  and  which  are  distributed  over  the  sur- 
of  oootact  of  the  masses  between  which  they  act 
fin»«  IxTEXsiTT  of  a  stress  is  its  amount  in  units  of  weight, 
rtded  by  the  extent  of  the  surface  over  which  it  acts,  in  units  of 


i£. 


The  following  table  gives  a  comparlaon  of  various  units  in  which 
W  iuteoBity  of  stress  is  expressed : — 

Foundfl  on  th« 
square  fooL 

e  pound  on  the  square  inch, 144 

av  pound  on  the  square  foot i 

Be  inch  of  mercury  (that  is,  weight 
ipf  a  column  of  mercury  at  32" 

Fabr.,  one  inch  high),  7o*73 

ne  foot  of  water  fat  39°-l  Fahr.V         62-425 

I  inch  of  water  (at  Sd"-!  Fahr.),  S'aoa  i 

!  foot  of  water  (at  62°  Fahr.), . . .  63-355 

ae  inch  of  water  (at  62°  Fahr. ), . . .  5 'i  96 25 

oe  atmosphere,  of  29-923  inches 
of  niercurv,  or  760  millimetres,     2116-4 

kfoot  of  "air,  at  32^  Fahr,  and 
the  pressure  of  one  atmo- 


Ponnds  on  (ha 
•qnare  todi- 

I 
1 


0-4913 

04335 
0036125 
0-43302 
0-036085 

M7 


0-080728 
0*30481 


'ne  kilogramme    00    the  square 

metre,    

hv  kilogramme    on    the  square 

luJlliinctre, 204810 

hv  millim^re  of  mercury, a'7847 


0-0005606 

0-00142228 

1422-38 
001934 


Tba  various  kinds  of  stress  may  be  thus  classed ; — 

~'hruft,  or  Pressure,  is  the  force  which  acts  between  two  con- 
bodies,  or  parts  of  a  body,  when  each  jiushes  the  other  from 

IL  PuU,  or  Tension,  is  the  force  which  acta  between  two  con- 
bodies,  or  parts  of  a  body,  when  each  draws  the  other 
itself, 
sure  and  tension  may  be  either  normal  or  Mique,  relatively 
iiurfooe  at  which  they  act. 
Tn.  Shear,  or  TaiujeiUud  Stress,  is  the  force  which  acts  between 
"•<  iirnous  bo<lie.s,  or  parts  of  a  body,  when  each  draws  the  other 

.  ri  a  direction  parallel  to  their  .surface  of  contact, 
■  i^icdsiny  a  Thrust  aud  a  Pull  in  parallel  directions  algebrai* 
it 
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cally,  if  one  is  treated  as  positive,  the  other  must  bo  treatod 
nogiitive.  The  choice  of  the  ponitive  or  oegotivc  sign  for  eitbcsr 
A  matter  of  coovenience. 

The  word  " Presmm"  although,  strictly  speaking,  equivahmt  1 
"thrugt,"  in  AometimeB  applied  to  etreai  in  general;  and  when  tl| 
is  the  case,  it  is  to  bo  understood  that  thrust  is  treated  as  poaitivf 

The  fuUowing  are  the  processes  for  finding  the  moffnihuU  rf  ( 

of  a  stress  distributed  over  a  pkne  surface,  and  tbo  « 

'  that  ia,  the  point  where  the  Hue  of  action  of  that  resultu 

'  cut«  tho  plane  surface: — 

L  If  tihe  9trcs8  w  of  uniform  inlentiti/,  the  magnitude  of  itn  n 
Bultaut  i.s  the  product  of  thut  inteuHity  and  the  areu  of  the  suHkot 
and  the  centre  of  stress  is  at  the  centre  of  gravity  of  the  suriMC 
Or  in  symbols,  let  S  be  the  area  of  the  sor&oe,  p  the  intensity  o 
the  Btress,  P  its  resultant,  then — 


P  =  pS. 


.(1.) 


TL  If  ihe  atreta  it  of  varying  intenetty,  but  of  one  sign;  that  ii 
all  tension,  or  all  pressure,  or  all  shear  in  one  direction. 

In  fig.  t<3,  let  A  A  be  the  given  plane  surface  at  which  the  strai 
acts;  O  X,  O  X",  two  rectangular  axes  of  co-ordinates  in  it«  plnuj; 
O  Z,  a  third  axis  perpendicular  to  tliut  |>lAtii 
Conceive  a  8»tlid  to  exist,  bounded  at  one  njii 
Ity  the  given  plane  snrfnce  A  A,  lutenilly  \ijt 
cylindricjil  or  j)risniatic  surface  genoi-ated  bf 
the  motion  of  a  straight  Uuo  fiamllol  to  OiJ 
round  the  outline  of  A  A,  and  at  the  oUmt 
end  by  a  suifuco  B  B,  of  sucli  a  figure,  that  it* 
ordinate  z  at  any  point  shall  be  j^irnportioiml  to 
the  intensity  of  the  stress  at  the  point  a  of  the  surface  A  A  from 
•which  that  ordinate  proceeds,  as  shown  by  the  eqimtion 


Fig.  83. 


V} 


-m 


Conceive  the  surface  A  A  to  be  divided  into  an  indefinite  numW 

lall  rect-ingular  areas,  cAch  denoted  by  dxdy,  and  so  8m«ll  that 

[jtress  on  c^ch  is  sensibly  uniform;  the  cutira  area  beiijg 

S=  /"  (dxdy. 

The  Tolumo  of  the  ideal  solid  will  bo 

V=  (  U-dxdy. 

8o  tbtkt  if  it  be  concoived  to  cousost  o{  i^  m^^tial  whoM  beariuai 


WESUhTAST  ASV  CX^TTRE  OF  STRESS. 


IG'i 


=■  ^  tLe  amount  of  the  Bbresa  will  be  equal  to  the  weight  of  tL 
id;  iimt  is  to  say, 

Tr.J  jpdxdj/=toY (4.) 

Ike  CBntn  o/ttresa  is  the  {)oint  on  the  snrftice  A  A  pcrpcDtliculurlr] 
nosite  the  oentre  of  gravity  of  the  ideal  solid. 
The  atmpleat,  and  at  the  same  time  the  commonest  case  of  tliii 
ind  is  where  the  stresa  is  uniformltf-varyiufj ;  that  ia,  where  it 
itcnaity  at  a  given  point  ia  simply  pro|K>rtioual  to  the  perpendicular 
Stfance  of  that  poiut  from  a  given  stmight  line  in  the  plane  of  tho 
A  A.     The  ideal  solid  i«  now  either  a  wedge,  or  a  figure  i 
hat  can  be  made  by  ailding  and  subti-actiug  wedgea ;  so  that  the 
letaltuK  and  centre  of  stress  are  tt»  be  found  liy  the  methods  of] 
Article  105,  Gises  XII.  to  XVI.,  and  Article  lOt,  Cases  II.  and! 
VIL     To  express  this  spnboLically,  take  the  straight  line  in  quea- 
fiw  the  axis  O  Y ;  conceive  the  surface  to  be  divided  into  bamls 
if  Una  pandlel  to  O  Y ;  let  ^  denote  the  length  of  one  of  these 

■ods,  and  dx  its  breadth,  bo  that  y  dso  is  its  area,  and  S  =  j  ydsei 

f  the  whole  stu-face.     Let  a  be  the  perpendicular  distance  i 
i,T.re  of  a  band  from  the  line  of  iio  stress  O  Y,  and  let  the 
itUuifiity  of  the  stress  tliere  be 

p  =  ax\ (5.) 

bong  a  constant  co-efficient;  then  the  amount  or  resultant  of  thaj 
is 

P=  ipydx  =  a\xydx-f  (6.) 

md  the  perpendicular  distance  of  the  centre  of  stress  from  O  T  is 


ipxydx      a\a?ydx 
jpydx  ^ 


.(7.) 


f^hniples  oi  this  case  will  be  given  in  treating  of  the  pressure  of 

Hk  anid  of  earth,  and  the  stability  of  masoniy. 

m.  When  die  stress  is  of  contranj  signs,  for  example,  pressu 
i)  'jne  fiart  of  the  siuface  and  tension  at  another,  the  resultants 
Milres  of  streeu  of  the  pressure  and  tension  -we  to  be  found  scl 
Wolf.  Thoae  partial  resultants  are  then  to  be  treated  as  a  pair  a\ 
uaUel  fioRfie  acting  through  the  two  respective  centres  of  stress 
leir  final  resultant  will  be  equal  to  their  diflerence,  if  any,  acting 
npo^  a  point  found  as  in  Article  07,  Case  lY.,  p.  141. 
If  «e  total  pressure  and  total  tension  are  equal  to  each  other, 
wy  have  no  single  resultant  and  no  -single  contt-e  of  stress:  their 
mhant  beis^a  coujiley  vrbose  moment  is  equal  to  tlic  total  fitTt:^ 
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of  cither  kind  multiplied  by  the  perpendicular  distance  between  tin 
resultant  of  the  pressure  and  the  resultant  of  the  tension.  Ke 
amplea  of  this  caae  will  be  given  in  treating  of  the  strength 
beams. 

107.    Preamre  taaal  Balamc*  sf  FIviila — Principle*  •f  Hr«lroM«Un. 

— Fluid  is  a  term  opposed  to  solid,  and  comprehending  tlie  liquid 
and  gaseoog  conditions  of  bodies.  The  property  commou  to  tiie 
liquid  and  the  gaseous  conditions  is  that  of  not  tending  to  prenerve  a. 
dejinile  shape,  and  tlie  possession  of  this  projx^rty  by  a  body  iu 
pcrf(^tion  throughout  all  its  parts,  constitutes  that  body  »  pirftH 
fluid. 

A  necessary  consequence  of  that  proi>erty  is  tlie  follow  i  i      1 1 
ciple,  which  is  the  foundation  of  the  whole  science  of  hytlnc- 

I.  In  a  perfect  jluid,  w/tan  still,  live  pressure  exerted  at  a  tjU^t 
point  is  normal  to  the  surface  on  which  it  ads,  and  of  equal  irUmtitii 
for  all  positions  of  that  surface. 

The  following  are  some  of  the  most  useful  consequenoes  of  tint 
principle : — 

II.  A  surface  of  equal  pressure  in  a  still  fluid  mass  is  «yryic/)«rv 
perpendicular  to  the  direction  of  gravity;  that  is,  horizontal  throogb- 
out.  In  other  words,  the  pressure  at  all  points  at  the  same  lerd  a 
of  equal  intensity. 

III.  ?'A«  intensity  of  tfie  pressure  at  the  lower  of  two  points  in  Q 
still  Jluid  mass  is  greater  tlian  Uie  intensity  at  the  higher  point,  by  an 
amount  equal  to  tite  weight  of  a  vertical  column  of  the  fluid  takom 
height  is  the  difference  of  elevation  of  the  points,  and  base  cm  unit  «f 
area. 

To  express  this  symbolically,  let  p^  denote  the  intensity  of  tiie 
pressure  at  the  higher  of  two  points  in  a  fluid  mass,  and  />,  Uie 
intensity  at  a  point  whose  vertiail  (le[tth  below  the  formur  point  is 
X.  Let  lo  bn  the  mean  fieaviness  of  the  layer  of  fluid  between  thosB 
two  points;  thtn 

p^=p^-i-wz. (1) 

In  a  giw,  such  as  air,  w  varies,  being  nearly  proportional  to  p ;  Imt 
in  a  liquid,  such  as  water,  the  variatioos  of  to  are  too  small  to  bt 
considered  in  j>ractical  cases. 

For  example,  let  the  upper  of  the  two  |)oints  be  the  suriace  of  I 
mass  of  water  where  it  is  erpose<l  to  the  air ;  then  p^  is  the  ntmdft- 
pheric  pressiu-e;  let  the  depth  x  of  the  second  p<"*int  below  the 
surface  be  given  in  feet,  and  lot  the  temperature  be  39<>'l;  tlita 

Pj  in  lbs.  on  the  square  foot  =  />j,-i-  C2'425a; (2.) 

In  many  questions  roluting  to  engineering,  the  freuaxte  of  tlw 
atmosphere  may  be  lelt  out  of  considL-ration,  as  it  acta  with  senablT 
'qu&l  intensity  on  all  gidca  ot  \^&  V>o\i\«&  cx^ged  to  it»  and  w 
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action.     The  pressures  calculated,  in  Bncli  cases, 
he  pressure   of   the  water  above  the   atmospherL 
ich  may  be  thus  expressed, — 

P'=/»j—Pq  =  62-4  a:  nearly. (3.) 

pressure  of  a  liquid  on  a  floating  or  immersed  body,  ia 
weight  of  the  volume  of  fluid  displaced  by  that  body ; 
Itant  of  that  pressure  acts  vertically  upwards  through 
[of  gravity  of  that  volume;  which  centre  of  gravity  ia 
r centre  of  buoyancy." 
[pressure  of  a  liquid  against  a  plane  surface  immeraed  t»( 
bdicular  to  that  surface  in  direction :  its  magnitude  is 
p  -weight  of  a  volume  of  the  liquid,  found  by  multiplying 
[the  surface  by  the  depth  to  which  its  centre  of  gravity 

centre  of  pressure  on  such  a  surface,  if  the  surface  is 
coincides  with  its  centre  of  gravity;  if  the  surface  is 
oping,  the  centre  of  pressure  is  always  below  the  centre 
of  the  sariace,  and  is  found  by  considering  that  the 
n  vnifortrdy'varying  stress,  whose  intensity  at  a  given 
as  the  distance  of  that  point  from  the  line  where  the 
Borface  (produced  if  necessary)  intersects  the  upper 
e  liquid. 

the  last  two  principles  by  symbols  in  the  case  in  which 

surface  is  vertical  or  sloping,  let  the  line  where  the 

kt  sorfttce  cuts  the  upper  surface  of  tlie  liquid  be  taken 

\  0  Y.     Let  i  denote  the  angle  of  inclination  of  the 

pee  to  the  horizon.    Conceive  that  surface  to  be  divided 

I  horizonttl  lines  into  an  indefinite  number  of  narrow 

y  be  the  length  of  any  one  of  those  bands,  doo  its 

e  distiwce  of  its  centre  from  O  Y ;  then  ydx  is  its 

the  depth  at  which  it  is  immersed ;  and  if  u)  be  the 

'ty  of  volume  of  the  fluid,  the  intensity  of  the  pressure 

ia 

p  =  vaxwii. .(4.) 

of  the  pressed  surface,  being  the  sum  of  the  areas 

i88=  \  ydx;  the  whole  pressure  upon  it  is 

P=  j pydx  =  tOBmt  jxydx; (5.) 

intensity  of  the  pressure  is 

P     ]Py<i!B  .       Ixydx 

S=  -S— -  =  «'ain  'V-— ; .^^ 

J  ydx  J  ydx 


1 

4 
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and  the  distance  of  the  centre  of  preasnro  from  0  Y  ia 


BCq^ 


I' 


'pyi 


SB*  vdx 


I  xydx 


•ro 


For  example,  let  the  sloping  pressed  siirfioce  be  rectangriUr,  liki 

•  Bluice,  or  the  bock  of  a  reservoir- wall ;  and  in  the  first  instaoa; 

let  it  extend  from  the  surface  of  a  mnsH  of  water  down  to  n  distnaod 

n*,,  measured  along  the  slope,  so  that  ita  lower  edge  ia  inunened  (Q 

.  the  depth  Xy  hiu  S.     Then  ita  centre  of  gravity  is  immersed  to  Utd 

^pth  OTj  sin  ^  -4-  2,  and  the  mean  intensity  of  the  pressure  in  lb&  ou 

'^the  aqoare  foot,  ia 

P  _  62-4  gt  sin  ^ 

S—  2         '  


.(8.) 


The  breadth  y  is  constant;  ao  that  the  area  of  the  anrfitce  i$ 
S  =  x^y;  and  the  total  prc^ure  is 


p_62'4  a^^yaxit 
2  ' 


.(9.) 


The  diatanco  of  the  centre  of  preasnre  from  the  upper  edge  is 


_  2^ 


■(10.) 


Next,  lot  the  u]^wr  edge,  fautead  of  being  at  the  sarfiM^e  of  tlit 
water,  be  at  the  distance  x^  from  it,  so  as  to  be  immersed  to  tii* 
depth  x^  sin  '.  Tbeu  the  centre  of  gravity  of  the  presaed  soi£m» 
is  immersed  to  the  depth  (jr.  +  a!j)  sin  '  -j-  2,  and  the  mean  inteasilj 
of  the  preesure  upon  it,  in  lbs.  on  the  square  foot,  is 

P_  62-4  {x^  -f  ae^)  ain  6  .... 

S~  2  '  ^     ' 

the  area  of  the  surface  ia  (ar^  — x^  y,  and  the  total  preBsan  oo  it 


62-4  (a^  —  g^y  sin/ 
^-  2 


.(12.) 


The  difltenoe  of  the  centre  of  pressure  from  the  line  O  Y  is 

.of  — a^ 


ref  — af 


(13.) 


{A.M.,  96toll3.V- 
two  parts  by  an  iaeal 


108.   romp«Kiid  Inicrnnl  Slreaa  of  B*UdU. 

-f  a  body  be  conceived  to  be  divided  into  two  parts  by 
tne  trarersing  it  in  any  d'iYect\on.f  l\\e  force  exerted  between 
"   two  porta  at  the  plane  ot  division.  \a  aa  xulcmoX  sIt««- 


principles  stated  in  the  preceding  article,  tl 
a  given  pohit  in  a  fluid  is  iiorrnal  und  of  equ 
positions  of  the  ideal  plane  of  division.  In  a  soli( 
other  liand,  the  stress  maj  be  either  normal,  obliqui 
1^ ;  and  it  laaj  vary  in  direction  and  intenaitj,  as  tlio  past 
t  ideal  plane  of  division  varies, 
lirection  and  intensity  of  the  stress  at  a  given  point  in 
j  arc  given  for  three  positions  of  the  plane  of  di\i8ioi 
b  found  for  any  position  whataoever.  It  is  unneces 
(ent  treatise  to  give  the  methods  of  solving  this  problem 
generality.  Certain  particular  cases  only  will  lie  given, 
Useful  in  the  theories  of  the  stability  of  earth  and  of  the 
^materials. 

[gate  Streaaa — Principal  Slreseea. — If  two  planes  traverse 
i,  body,  and  the  direction  of  the  stress  on  the  first  plane 
to  the  second  plane^  then  the  direction  of  the  stress  on 
1  plane  is  parallel  to  the  first  jdanc.     Such  a  pair 
\  said  to  be  conjugate;  and  if  they  are  both  nonual 
i  of  application  (and  consequently  ijeqiendieular  to  eac 
f  are  oJIed  principal  stresses.     Three  conjugate  stresses. 
rincipttl  stresses,  may  act  through  one  point;  but  in  the 
Btiiie  it  is  sufficient  to  consider  two. 
lepresents  a  pair  of  conjugate  oblique  tensions  acting  in 
lofi  X  X  and  Y  Y  through  a 
mrticle  ABCD. 

directions  in  which 
-that  is,  direct  pulls 
,  through  a  given  point 
ire  called  axes  of  stress, 
i,  the  stress  at  a  given  point 
jtukl  intensity  in  all  direo- 

tdireetaon  has  the  property 
t  Rlmb     A  solid  may  be 
condition  with  a  fluid  as 


on      . 

;s,^| 


i^^ular  < 

■pm— t 
^^ict,  thi 


Fig.  84. 


kt  it  may  also  have  the  principal  stresses  at  a  given  point 
\  intensities.     In  a  mass  of  loose  grains,  the  ratio  of 
has  a  limit  depending  on  firiction,  as  will  after- 
lUy  explained  in  treating  of  the  stability  of  earth : 
tinuoos  solid,  ^e  princi|nl  stresses  at  a  point  may 
to  each  other^  and  may  be  either  of  the  same  or  of  i 

fhectring  Stress,  on  two  planes  traversing  a  point  in  aj 
t  angles  to  each  other,  is  of  equal  intensity. 
*---  of  Equal  ami  Opposite  Prmcipal  Stresses;  that  is,  aj 
of  equal  int^asity  acting  through  a  particle  of  &  j 


i. 


solid  in  directions  at  right  angles  to  each  other,  are  equivalent  ta 
a  pair  of  shearing  stresses  of  the  same  intensity  on  a  pair  of 
planes  at  right  angles  to  each  other,  and  making  angles  of  45' 
with  the  first  jiair  of  planes. 

I V.  Comhination  of  any  Two  Principal  Stresses, 

Problem. — A  ])air  of  principal  stresses  of  any  intensities,  asd  oi 
the  same  or  opposite  kinds,  being  given,  it  is  required  to  find  tht 
direction  and  intensity  of  the  stress  on  a  plane  in  any  jKwition  at  right 
angles  to  the  jjlane  parallel  to  which  the  two  princij>al  stroases  act 

Ijct  O  X  and  O  Y  (figs.  85  and  86)  be  the  diroctions  of  the  tvo 
principal  stresses  j  O  X  being  the  direction  of  the  greater  Btres& 

Lot  />j  be  the  intensity  of  the  greater  stress; 
i  and  />2  <^^^t  °^  t^c  1^)^ 

f  Fig.  85.  Fig.  85. 

'  The  kind  of  stress  to  which  each  of  these  belongs,  pull  or  thnut, 

ia  to  be  distinguished  by  means  of  the  algebraical  sign&  If  a  pull 
is  considered  as  positive,  a  thrust  ia  to  be  considered  aa  negative, 
and  vice  versdt.  It  ia  in  general  coiivtmient  to  consider  that  kind  of 
Btress  aa  |>o.sitive  to  which  the  greater  principal  atreaa  belonga 
Fig.  85  represents  the  ca.se  in  which  p^  and  f.  are  of  the  same 
kind ;  fig.  86  the  case  in  which  they  are  of  opposite  kinds.  In  «11 
the  following  equations,  the  sign  of  pj  is  held  to  be  implied  in  that 
nyrnbol ;  that  ia  to  say,  when  p^  is  of  the  contrary  kind  to  p^,  \i» 
sign  applied  to  its  arithmetical  value,  in  computing  by  means  uf 
tlse  equations,  is  to  be  reversed. 
I  Let  A  B  bo  the  plane  on  which  it  ia  required  to  ascertain  tlie 

fc     direction  and  intensity  of  the  stress,  and  O  N  a  normal  to  HuX 
^^^^ane,  making  with  the  axis  of  greatest  stress  the  angle 


p^ 
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take  O  M  =      «      >  this  \riU  represent  a  normal  stt«aa 

B  of  the  same  kind  with  the  greater  principal  stress,  and  of 
itensitj  which  ia  a  mean  between  the  intensities  of  the  two 
ipal  atresaea. 

iroiigh  M  draw  P  M  Q,  making  with  the  axes  of  stress  the 
angles  which  O  N  makes,  but  in  the  opposite  direction ;  that 
mj,  take  M  P  s=  M  Q  =  M  O.     On  the  line  thus  found  set 

om  M  towards  the  axis  of  greatest  stress,  M  R  ==  -  -<)--*• 

in  OR.  Then  will  that  line  represejtt  the  direction  and 
iBty  of  the  stress  on  A  B. 

le  algebraical  expi-ession  of  this  solution  is  easily  obtained  by 
IS  of  the  formuliB  of  plane  trigonometry,  and  consists  of  the 
renewing  equations : — 

[atensity,  OR  or  p  =  Jip]  'co&^xn-\- pi  •  sin*  a;nj...(l.) 


I 


Angle  of  obliquity,  N  0  R  or  j»r 

(sin  2  A -^'"^a^ ^2.) 


=  arc  sm 


lis  obliquity  is  always  towards  the  axis  of  greatest  stress, 
fig.  85,  /?,  and  p,  are  represented  as  being  of  the  same  kind  ; 
U  R  is  consequently  less  than  O  M,  so  that  O  R  falls  on  the 

A  A 

nd«  of  O  X  with  O  Nj  that  is  to  say,  nr^^xn.  In  fig.  80, 
dpj  are  of  opposite  kind.s,  M  R  is  greater  than  O  M,  and  O  R 

on  the  opposite  side  of  O  X  to  O  M;  that  ia  to  say,  n  r  :p^  x  iu 

6  locus  of  th©  point  M  is  a  circle  of  the   radius    -    „     '» 

hat  of  the  fioint  R,  an  ellipse  whose  semi-axes  are  pj  and  p.,, 
rhich  may  be  called  the  Ellipse  of  Btrkss,  because  its  semi- 
!ter  in  any  direction  represeuta  the  intensity  of  the  stress  in 
Urection. 

Deviation  o/ Principal  Stresses  by  a  Shearing  Stress. 
DBLElC. — Let  p,  and  p,  denote  tie  original  intensities  of  a 
of  princi|nl  stresses  acting  at  right  angles  to  each  other 
gh  one  particle  of  a  solid.  Suppose  that  with  these  there  is 
ined  a  shearing  stress  of  the  intensity  q,  acting  in  the  same 
with  the  original  pulls  or  thrusts ;  it  is  required  to  find  tlie 
nteaisaties  and  new  directions  of  the  principal  stresses. 
amist  tbe  coaceptioa  of  this  problem^  the  or'igvxial  sttessii^ 
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t  referred  to  are  represented  in  fig.  87,  as  acting  tliroti 
the  form   of  a  square   prism. 
A.       /       stresses,  both  originB.1  and  pev,  ar«  lepr 
/         fts  tensions,  although  any  or  all  of  tliei 
/  be  pressures.     lu  the  foitnuliB  annexed, 

I",.         p  /  are    considered     positive,    pressures 

B^    Mir^to  angles  lying  to  the  right  of  A  A  are 

'^L-'^C  ^^     as  positive,  to  the  loft  aa  negative ;  ai 
/   °         F      ing  stress  is  considered  as  positive  or  neg«tf 
/  according  as  it  tends  to  make  tlie  npfier  rigb 

hand  and  lower  left-hand  comer  of  the  equ< 
particle  acute  or  obtuse. 

The  aiTows  A  A  represent  the  greater  or^ 
tension  <p,',  the  angles  B  B,  the  less  ori^ 
tension  jt>,;  C,  O,  D,  D.  represent  the  positive  shear  oi  the  int« 
sity  7,  as  acting  at  the  four  faces  of  the  particle.  The  combieati 
of  thia  shear  with  the  original  tensions  is  equivalent  to  a  ner 
<»f  principal  tensions,  oblique  to  the  original  y>air.  Tl»e  grcttlcr 
priuci]Kil  tension,  />j,  is  represented  by  the  aiTows  £,  £;  it  devM 
to  tlie  right  of  f,  through  an  angle  which  will  be  denoted  ly 
The  less  new  principal  tension  f^\s  represented  bvthe  arrowsf^ 
it  deviates  through  the  same  angle  to  tlie  right  of />^ 

Then  the  intensities  of  the  new  princijud  stresses  are  given 
the  equations, 


Fig.  87. 


tXS 


and  the  doable  of  the  angle  of  deviation  by  either  of  the  foUoM 


tan2tf  = 


Sy 


or  cotan  2  '= 


I*.) 


fP.-P» 
The  greatest  value  of  tf  is  iS°,  when  p,  ^=p^ 
The  new  principal  stocsses  are  to  be  conceiTod  ■>  aotuig  Donxafl 
on  the  faces  of  a  new  squtoe  ptiam. 

109.    Pamllrl  PrAjrciioa  «r  DUtrlbated  F«rceB.— Tp 

principles  of  parallel  projection  to  distributed  forces, 
,  in  mind  that  those  principles,  u  stated  in  Article  lUl,  ai« 
■cable  to  lines  representing  the  afMttnU  or  rendtants  of 
forces,  and  not  their  iHteftntit*.     The  relatjons  amo>ngst  the 
tie^  of  n  system  of  distributed  forces,  wiioM  resoltAOta  liA^ 
'  Viy  the  method  of  projection,  are  to  be  acriTed  tit  bj  • 
j>rooe8iiof  dividing  each  projected  resultant  by  the 
nmn*  over  vJuch  it  is  distnbviled. 


310.  VMcriM  {A.  M.,  189,  190,  191)  is  that  force  which  acts 
^eea  tvo  bodies  at  their  suriace  of  contact  ao  as  to  resist  their 
on  each  other,  and  which  depends  on  the  force  with  which 
bodiflB  arc  pressed  together.  It  is  a  kind  of  Bliearing  stress. 
t  feUowJBg  law  respecting  the  friotioD  of  solid  bodies  luw  been 
(Htained  by  experiment  :— 

Tit  friction  tchieh  a  given  pair  nf  solid  bodies,  vfilh  their  surfaces 
•  ^veH  condition,  are  capable  of  exerting,  is  simply  proportional 
^  force  tcUh  which  tltey  are  prised  togetlur. 
If  a  body  be  acted  upon  by  a  force  tending  to  make  it  slide  on 
bother,  then  so  long  as  that  force  does  not  exceed  the  amount  fixed 
this  law,  the  friction  will  be  equal  and  opposite  to  it,  and  will 
lance  it.* 

13mk«  ia  a  limit  to  the  exactness  of  the  above  law,  when  the 
Mnn  becomes  so  intense  as  to  crush  or  indent  the  part^  of  the 
'iam  at  and  near  their  surface  of  contact.  At  and  beyond  that 
to%  the  friction  increases  more  rapidly  than  the  pressure;  but 
•t  limit  ought  never  to  be  attained  in  any  structure.  For  some 
|.\iBtanee3,  especially  those  whose  surfaces  are  sensibly  indented  by 
noderate  pressure,  such  as  timber,  the  friction  between  a  piir  of 
pbces  which  have  remained  for  bome  tinle  at  rest  relatively  t« 
ich  other,  is  somewhat  greater  than  tlmt  between  the  same  juiir  of 
nfaces  when  sliding  on  each  other.  That  excess,  however,  of  the 
n^um  of  rest  over  ^^  friction  of  malum,  is  instantly  destroyeil  by 
iiight  vibration ;  «o  that  thefnedon  of  motion  is  alone  to  be  taken 
ito  account,  as  contributing  to  the  BtabUity  of  a  structure. 
The  friction  between  a  pair  of  surfaces  is  ctdculated  by  mtiltiply- 
^  the  force  with  which  they  are  directly  pressed  together,  by  a 
Gtor  ctdled  the  eo-^icient  of  friction,  which  has  a  sjiecial  value 
■idiBg  on  tiie  nature  of  the  materials  and  the  state  of  the  sur- 
L  Let  F  denote  the  friction  between  a  pair  of  surfiices ;  N, 
foice,  in  a  direction  perpendicular  to  the  surfaces,  with  which 
ejrazv  pressed  together;  and /the  co-efficient  of  friction  j  then 


F=/N. 


.(1.) 


fHie  oo-efficient  of  friction  of  a  given  pair  of  surfaces  is  the  tan- 
Uot  KD.  angle  called  the  angle  of  repose,  being  the  greatest  angle 
ueh  an  oblique  pressure  between  the  surfaces  can  make  with  a 
mendicolar  to  them,  without  making  them  slide  on  each  other. 
Let  P  denote  the  amount  of  an  oblique  pressure  between  two 
surfaces,  inclined  to  their  common  normal  at  the  angle  of 
9',  then 

F=/N^Ntaa  «P=Psin  ^=  -{=^' ^) 


'  See  AJJendum,  p.  784. 


^i^' 
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The  angle  of  repose  is  the  steepest  inclination  of  a  plane  to  i 
horizon,    at   'which    a  block   of  a  given  substance   will  ret 
balanced  on  it  without  sliding  dowiL 

The  iiUaiaity  of  the  friction  between  two  surfaces  be&rs  the  i 
proportion  to  the  intensity  of  the  pressure  that  the  whole  fric 
tears  to  the  whole  pressure. 

The  following  is  a  table  of  the  angle  of  repose  9,  the  co-i 
of  friction/=  tan  (p,  and  its  reciprocal  1  :/,  for  various  mat 
condensed  from  the  tables  of  General  Morin,  and  other  sources,! 
arranged  in  a  few  comprehensive  classes.     The  values  of 
constants  whicb  ai-e  given  in  the  table  have  reference  to  the^ 
ofvwtioiu 


Sdrfacks, 


Dry  masonry  «nd  brickwork, 

Masonry  and  bticlcH-ork  with  w«C  cnortar, 
liaKiniyand  brickwork,  with  alightly) 

damp  moruu / 

Wood  on  stone,. 

Iron  on  stone, 

Masonry  on  dry  clay....... 

„       on  moitt  clay, 

Eartb  on  earth,.. 

„  „      diy  aand,  cUy,   asd) 

mued  earth, / 

„  „      damp  clay, 

„  „      wet  clay, , 

„  „      ebingle  and  graval, 

Wood  on  wood,  dry, 

„  „     soBpcd,    

Uelals  on  oak,  dry, 

II  It     w«t, 

„    aoapy,  

Metals  on  elm,  dry 

Bronze  on  lignnm  vitje,  conatanlly  wet, 
liomp  on  oak,  dry,  

II  II     ''*'i 

Leather  on  oak, ,,,. 

leather  on  metala,  di^-, 

11  n        wet, 

„  „       greaay 

II  II        oily,    

Metala  on  metals,  dry, 

n  II      wet  and  clean 

If  «,       damp  and  aliiny, 

Smooth  amCaoea,  oocasionally  gT«*aed,... 

,i  n      continually  greased, ... 

j  JjmooUwrt  aad  bart  gwued  aurtMaa,  ... 


0 

/ 

1 

7 

81°  to  350 

0-6  to  0-7 

I-€7ti»lfl 

26i° 

0-47 

21  n 

3GJ" 

074 

1-36 

22° 

about  0-4 

2-5      ' 

85°  to  IGf* 

«'7  to  0-3 

143  10  4-0 

270 

061 

I'M     ■ 

18^" 

0-33 

8 

14°  to  45* 

0-25  to  1.0 

itol 

21°  to  37° 

0-38  to  0-76 

2-03 10  m 

46° 

10 

1 

17" 

081 

3« 

86°  to  48° 

0-7  to  111 

l^toOl 

14°to2Cj° 
1  li°  to  2'' 

•26  to  "6 

4tol 

•2  to  -04 

5  to!t 

2G*°  to  31° 
134^  to  14i° 

•6  to -6 

2  10  Ht 

•24  to  -26 

417  to  3  «» 

lli° 

t 

6 

lli°  10  14° 

■2  to  '26 

fito4 

8»? 

•05? 

20» 

28« 

•68 

U» 

18J° 

•as 

8 

16°  to  191° 

■27  to  SS 

8-7lat« 

29P 

•6C 

^7» 

20° 

•88 

278 

18° 

•28 

4-85 

84° 

•15 

efiT 

8i°  to  Hi" 

•16  to  -2 

«(-67  I'i  1 

16i° 
8* 

•8 

•14 

4°  to  41° 

•07  lo  •oa 

14 

8» 

•06 

15»  to  2° 

•08  to  -086 

S.'i 

VIUXK — JODiTS — TIE — STRUT — EEAM. 
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"TV. — Balance  arid  StabUUy  of  Frames,  Cftaiiu,  Ribs,  and 
Blocks. 

(i.  Jf.,  137to211.) 

A  Vnme  is  a  structure  composed  of  bars,  rods,  links,  or 
I  attached  together  or  supported  hy  jornis,  siich  as  occur  in  e^ir- 
j,  in  frames  of  metal  bars,  and  in  stnictures  of  ropes  and  cbaiiui, 
the  ends  of  two  or  more  pieces  together,  but  offering  littlaj 
resistance  to  change  in  the  relative  angular  positions  of  thoso^ 
In  a  joint  of  this  class^  the  centre  of  resistance,  or  point 
jh  which  the  resultant  of  the  resistance  to  displacement  of  tho 
connected  at  the  joint  acta,  is  at  or  near  tlio  middle  of  the 
and  does  not  admit  of  any  variation  of  position  consistently 
eecurity. 
The  Line  of  Resistance  of  a  frame  is  a  line  traversing  the  centres^ 
ntiitance  of  the  joints,  and  ia  in  general  a  polygon^  having  its 

at  these  centres. 
112.  A  stBfle  Bar  in  a  frame  may  act  as  a  Tie,  a  Stbut,  or  a 
BEjut    (A.  M.,  138  to  U2.) 

L  A  Tie  has  equal  and  directly  opposite  forces  applied  to  its  two 
«Dds,  acting  outwards,  or/rom  each  other.     The  bar  is  in  a  state  of 
and  the  stress  exerted  bt^tween  any  two  divisions  of  it  ia 
equal  and   opposite  to  the  applied   forces.      A    rojte   or 
will  answer  tlie  purpose  of  a  tie. 

eqttUibrium  of  a  moveable  tie  is  stable;  for  if  its  angular  posi- 
be  deviated,  the  forces  applied  to  its  ends,  which  originally 
directly  opfjosed,  now  constitute  a  couple  tending  to  restoix) 
« lie  to  its  original  position. 

H.  A  Strut  has  equal  and  directly  opposite  forces  applied  to  ita 
ends,  acting  inwards,  or  towards  each  other.  The  bar  is  in  u 
late  of  compression,  and  tho  stress  exerted  between  any  two  divi- 
bns  of  it  is  u  thrust  equal  and  opposite  to  the  applied  forces.  It  is 
ihvious  that  a  flexible  body  will  7toi  answer  the  pui-pose  of  a  strut. 
The  equilibrium  of  a  moveable  stmt  is  unstable:  for  if  its  angular 
nritioube  dfe>-iuted,  the  forces  applied  to  its  cuds,  which  originally 
ere  directly  opposed,  now  constitute  a  couple  tending  to  make  it 
teriate  still  farther  from  its  original  jxtsition. 

In  frrder  that  a  strut  may  have  stability,  its  ends  must  be  pre- 
Vrnted  from  deviating  lateralh'.  Pieces  connected  with  the  ends 
Bf  &  strut  for  this  purpose  are  called  stays. 

ILL  A  Beam  in  a  bar  supported  at  two  points,  and  loaded  in  a 
Erection  pei-pendicular  or  oblique  to  its  length. 
Case    L — Let  the  supporting  pressures  bo   parallel    to    each 
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oiher  aod  to  tbe  direcikni  of  the  load;  and  lei  the  loftd  Bet* 
the  points  of  eajfott,  as  in  %.  88;  whexe  P  tvpreaenCs  the 


i 


^  W 


ant  of  the  groes  load,  ii>"!' 
of  ^e  beam  itself;  L,  tl 
line  of  action  of  that  resu  uu  u  > 
axis  of  tlie  beam ;  Rj,  It^  the  tvi)  so) 
pnessoroB  or  reaistanoeB  of  the  prnpa  j 
to,  and  in  the  same  plane  with  P,  aa« 
»?«,  in  the  axis  of  the  beam. 


Fig,  88. 

irongh  the  points  S^ 

Then,  according  to  the  principle  of  the  lever,  Article  97,  |l  14 
kch  of  thoee  three  forces  is  proportional  to  the  distance  ieHri 
be  lines  of  action  of  the  othejr  two ;  and  the  lo«d  ia  equal  tft  i 
sum  of  the  two  supporting  pressnres ;  that  ia  to  ukj. 


P:Ri:B,::Bi8j:LSj:L8j; 


.^^) 


and  P  =  Rj  +  R^. 


•W] 


M-\^ 


OUM  TL — Let  tho  load  act  heytmd  the  points  of  BUpporti 

in  fig.  89,  which  representa  a  car'"' '  -ri 

jecting  beam,  held  up  by  a  wall  o: 
8,,  held  down  by  a  notch  in  a  m«-vs  .ii  niw 
or  otherwise  at  So,  and  loaded  so  that  Pii 
resultant  of  the  load,  including  the 
the  beam.     Then  the  proportional 
rcmaina  exactly  aa  before ;  bat  tho  load  n  ( 


u 


Fig.  89. 
to  tho  difference  of  the  supporting  pressures;  that  is  to 


n. 


P  =  Ri_R2. 

In  these  examples  the  beam  is  represented  as  horixontal ;  bni  i 
sanio  principles  wouM  hold  if  it  were  inclined. 

Case  ILL — Let  the  directions  of  the  8uj>porting  fonrr*  Rp  i 
be  now  inclined  to  that  of  f ! 
the  load,  P,  as  in  fig.  DO.     I'h 
of  the  equilibrium  of  lliroe  forces 
of  in  .iirticJt.i  i'3»  p,  13C>,  and  eomteqi 
tlm  following  principlca  apply  to  it: — 

The  lines   of  action  of  the  supp 
forces  and  of  tlso  resultant  of  the  lo»d| 
be  in  one  plane. 

They  mxxeX,  intersect  in  one  pniat  ^ 
(fig.  90. 
ThoKo  threo  forces  must  be  proportional  to  the  throe  adct  m 
;Ie  A,  respectively  {i&rollcl  to  tlxeir  dircctiona. 


'^ 


Fig.  90. 


Fw&BVOL — Given,  the  resultant  of  tlie  load  in  magnitude  and 
P,  tbe  line  of  actiou  of  one  of  the  supporting  forces,  Rj, 
centre  of  resistance  of  the  other,  SaJ  required,  the  line 
}n  of  tbe  second  supporting  force,  and  the  niugnitudes  of 

,  jPtoduce  the  line  of  action  of  R,,  till  it  cuts  the  line  of  action  of 
point  C;  join  C  Sj,  this  will  be  the  line  of  iiction  of  E^; 
ct  a  tmnglu  A  with  its  sides  respectively  parallel  to  those 
Imea  of  action ;  the  ratios  of  the  sides  of  that  triangle  will 
I  the  ratios  of  the  forces. 
expreaa  this  algebraically,  let  fj,  i,,  bo  the  angles  made  by  tho 
of  action  of  the  supporting  forees  with  that  of  tho  resultant 
^  the  load  j  then 

P  •  R^  :  Rj  :  ;  sin  (tj  +  to)  :  sin  t^  :  sin  tj (4.). 

The  aame  piece  in  a  frame  may  act  at  once  aa  a  beam  and  tie,  or 
I  a  beam  and  strut ;  or  it  nmy  act  alternately  as  a  strut  and  as  a 
•-  "«  Mie  action  of  the  load  variua. 

load  tejids  to  break  a  tie  by  teai-ing  it  asunder,  a  strut  by 

■*.  and  a  beam  by  breaking  it  across.     The  power  of 

>  resist  those  tendencies  will  be  considered  in  a  later 

iM«eriU«iMl  Iiwid*.    (X  Af.,  147.) — Before  applying  the  prin- 
ef  of  the  present  section  to  fi^mes  in  which  the  load,  whether 
ernul  or  arising  fi^m  the  weight  of  the  bars,  is  distributed  o\'er 
"'.  it  is  necessary  to  reduce  that  distributed  load  to  an 
:  >ad,  or  series  of  loads,  applied  at  the  centres  of  resist- 
The  stej*  in  this  process  are  as  follows  : — 
Find  the  resultant  load  on  each  single  bar. 
IL  Resolve  that  load,  as  in  Article  112,  equation  1,  p.  174,  into 
two  piirallel  comptmr-nts  acting  thi-ough  the  centres  of  resistance  at 
two  ends  of  the  bar. 
nL  At  each  centre  of  resistance  where  two  bars  meet,  combine 
component  loads  duo  to  the  loads  on  the  two  bars  into  one 
•.v.  ,Tif  wliich  is  to  be  considered  as  the  total  load  acting  through 

iif  reaistioice, 
. .  ..  iitn  a  centre  of  resistance  is  also  a  point  of  support,  the 
o^nipcmcnt  load  acting  through  it,  as  found  by  step  II.  of  the  pro- 
««,  18  to  be  left  out  of  con.sidei-ation  until  the  supporting  force 
twjiiired  by  the  systera  of  loads  at  the  other  joints  has  been  deter- 
minod :  with  thi^i  supporting  force  is  to  b«  compounded  a  forco 
e({Qal  and  opposite  to  the  component  load  acting  directly  through 
(be  point  of  support,  sod  the  resultant  will  be  thie  total  supporting 
ibroa 
In  tlw  following  Articles  of  this  section,  all  the  frames  will  bo 
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supposed  to  be  li^adcd  only  at  those  centres  of  resistanco  wl 
are  not  points  of  support;  nnd  therefore,  in  those  cases  in 
conipouents  of  the  load  act  directly  through  the  points  of  siippo 
also,  forces  equal  uud  opposite  to  such  comjionents  must  bo  coi 
Lined  with  the  supporting  forces  as  detonuined  in  the  foUowii 
Articles,  in  order  to  complete  the  solution. 

114.  Frame,  of  Two  Rai^  (A.M.,  145-6.)— Figures  91, 92, 
93,  represent  cases  in  which  a  fmme,  of  two  bars  jointed  to  i 
at  the  point  L,  is  loaded  at  that  point  with  a  given  force,  P,  and 


flupported  by  the  connection  of  the  barn  at  their  farther  extremitio, 
S,,  Sj,  with  fixed  bodies.  It  is  required  to  find  the  stress  on  evil 
Lur,  and  the  suji|)(irting  forces  at  Sj  and  Sg. 

Resolve  the  load  P  (as  in  Article  i)4,  p.   137)  into  two  oon- 
ponentfl,  Rj,  R,,  acting  along  the  respective  lines  of  resistance  of 
two  bars.     Tliuse  coniponenis  nrc  the  loads  borne  by  the  two  I 
respectively ;  to  which  loads  the  supjjorting  forces  at  S^,  Sj,  are  eqni 
and  directly  opposed. 

The  symbolical  expression  of  this  solution  is  as  follows : — LetL  L 
be  the  respective  angles  made  by  the  lines  of  resistance  of  the  un 
with  the  line  of  iictiou  of  the  loud ;  then 

P  :  Rj  :  Rj  :  :  sin  (t^  +  i^  :  sin  i^  :  sin  tj. 

The  inward  or  outward  direction  of  the  forces  acting  along  ettk 
iMtr  indicates  that  the  stress  is  a  thrust  or  a  y^uU,  and  the  luir  a  strut 
or  a  tie,  as  the  case  may  be.  Fig.  1>  1  repifseuts  the  case  of  two  tia; 
tig  02,  that  of  two  i^tnits  (such  as  a  pair  of  rafters  abutting  agniut 

I        two  walls) ;  fig.  1)3  tliiit  of  a  stmt,  L  Sj,  and  a  tiei,  L  Sj  (suieh  a 
the  jib  and  the  tie-rod  of  a  crane). 
A  fnime  of  two  bars  is  stable  as  regards  de\iationfl  in  the  plus 
of  itvs  lines  of  i-esistunce. 

With   respect  to  lateral  deviations  of  angular    positioD, 

L direction  perpendicular  to  that  plane,  a  frame  of  two  ties  is 
Bo  aLso  is  a  frame  consinting  of  a  striit  and  a  tie,  wlien  the 
of  the  load  iuclines/rom  the  line  3^  3^  ^ovuin^  the  points  oSsapfcgt 
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Fig.  94. 


A  fmnie  consisting  of  a  strut  and  a  tie,  when  the  direction  of  the 
Md  inclines  towarth  the  line  S,  S,,  and  a  frame  of  two  struta  in  all 
»sn,  ans  unstable  laterally,  unless  provided  with  lateral  stays. 

These  principles  are  true  of  any  pair  o/adjacent  bars  whosa/arther 

■Iref  of  ren^tance  are  fixed;  whether  forming  a  frame  by  them^ 
t^Tcs,  or  a  part  of  a  more  complex  frame. 

115.  TriaMBwUir  VniMeih  {A.M.,  U8, 149.) — Let  fig.  94  represent^ 

{nme,  consisting  of  the  three  bars  A,  B,  C,  cou- 
Ktted  at  the  three  joints  1,  3,  3, — viz.,  C  and  A  at 
1,  A  and  B  at  2,  Band  C  at  3.  Let  a  load  Pj  be 
ipplied  at  the  joint  1  in  any  given  direction ;  let 

pporting  forces,  Po,  P3,  be  applied  at  the  joints 
2, 3  i  the  lines  of  action  of  those  two  forces  must 
Xg  in  the  same  plane  vrith  that  of  Pjm  and  must  either  be  parallel ' 
lo  it  or  iutcrscct  it  in  one  point.     The  latter  case  is  taken  first, 
ItGHise  its  solution  comprehends  tbat  of  the  former. 

Tbc  three  external  forces  telunce  each  othor, 
i&d  are  therefore  proportional  to  the  three  sides 
nf  n  triangle  respectively  parallel  to  their  direc-     0 
Bosnia.    lu  fig.  90,  let  A  B  C  be  such  a  triangle, 
it  which 

0  A  represents  Pj, 

aIB      ...       Pg, 

^^         —  ^S*  Fig.  95. 

Draw  C  O  parallel  to  the  bar  C,  and  A  O  pnralkd  to  the  bar  A, 
uoeting  in  the  point  O,  and  join  B  0,  which  \i\\\  be  parallel  to  B. 

Thft  lengths  of  the  three  Hues  radiating  from  O  will  represent  tha| 
treses  on  the  bars  to  which  they  are  respectively  parallel. 

When  the  three  external  forces  are  parallel  to  each  other,  tho 
riangle  of  forces  A  B  C  of  fig.  95  becomes  a  straight  line  C  A,  as  in 
ig.  9G,  divided  into  two  segments  by  the  point  B.     Let  straight 

ft  radiate  from  O  to  A,  B,  C,  respectively  pai-allel 
lo  the  bars  of  the  frame ;  then  if  tho  load  C  A  be 
ipplied  at  1  (fig.  94),  A  B  applied  at  2,  and  B  0 
|ifili«<d  at  3,  ai'e  the  supporting  forces  required  to 
kiaiice  it ;  and  the  radiating  lines  O  A,  O  B,  O  C, 
wprwent  the  stresses  on  the  bars  A,  B,  C,  i-espec- 
livdj,  as  before. 

From  O  let  fall  O  H  perpendicular  to  C  A,  the 
ftmiraon  direction  of  tho  external  forces.     Then  that 
line  will  represent  a  component  of  the  stress,  which  is 
of  equal  amount  in  each  bar.     When  C  A,  as  is  usually  the  case,  is 
vttttcal,  O  H  is  horizonta];  and  the  force  represeuted  by  it  is  called 


Fig.  96. 
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the  "  Itorizonlal  thruat "  of  the  frame.     J/orizontat  Streu  or 
cnce  would  bo  a  more  precise  term ;  because  the  force  iu  qoerii 
is  a  pull  in  some  pai-te  uf  the  frame,  and  a  ihnist  in  otbtirs. 

Iu  fig.  iH,  A  aud  C  are  struts,  and  B  a  lie.     If  tho   ftnmc 
exactly  uiverted,  all  the  forces  would  bear  the  same  proportiou  (| 
each  other;  but  A  aud  C  would  be  tigf,  and  B  a  strut. 

The  tngonometrical  eacpreanoa  of  the  rclatious  amongst  the  bm 
acting  in  a  triangular  frame,  under  parallel  foixee,  is  as  follow*  >~ 

hoi  a,  h,  c,  denote  the  respective  angles  of  inclination  of  the  Iqr 
A,  B,  0,  to  the  line  0  II  (that  is,  in  general,  to  a  horizontal  liuc); 
then 

Horizontal  Strosa  O  H  =  ■J-°'^'\^'-^      (I.) 


Supporting 
Forces 


f  AB  =  0 
)  BC  =  0 


AB  =  OH 
H 


tan  0  =±:  tan  a 

(tan  a  r^  tan  6 
(tan  b  =±r  tan  c 


ri-w 


The  sign 


{-} 


is  to  be  used  when  the  two  )  oppoeute  directioa* 
inclinations  are  in         /  the  same  direction. 


Stresses 

116.    P«lrg«MiI  Frame. 

t 


(  O  A  =^  O  H 

J    I 


1 


(3.) 


Fig.  97. 


eec  a 
OB  =  OH-8ec6  > 
(oC  =  OHseccj 

{A.  M.,  150, 153.)— In  fig.  97,  let  A, 
D,K,1ie  the  lines  of  resistanoei 
bare  of  a  frame,  connected 
at  the  joints,  whoae  centres  <j( 
resistance  are,  1  between  A  aad 
B,  2  between  B  and  C,  3  between 
C  and  D,  4  between  D  and  E^ 
and  5  between  E  and  A.     In  the 


bA.R^ 
AceoflH 


figure,  the  frame  consists  of  five  bars ;  but  the  principle  is  apfpli 
cable  to  any  number.  From  a  point  O,  in  fig.  " 
(which  may  be  called  the  Diagram  of  Forca)).iitwr 
radiating  lines  O  A,  O  B,  O  C,  O  D,  O  E.  parallel 
resijectively  to  the  lines  of  resLstanoe  of  the  hui; 
and  on  those  radiating  lines  take  any  lengthi 
whatsoever,  to  represent  the  stresses  on  tiw 
fieveml  bars,  which  may  have  any  magnitods 
within  the  limits  of  strength  of  the  matniiL 
Join  the  points  thus  found  by  straight  lineiis  *« 
to  form  a  closed  polygon  A  B  C  D  E  A;    '  ■ 

k—    "  g         sides  of  the  polygon  will  represent  a  systeii  i 
which,  being  npfilied  to  the  joints  of  the  fi 
anc^  each  othor;   each   ttuch  force  being  applied   to 
weea  tJie  baa  whose  linoe  of  resutanoe  arc  parallel  t 


J 


POLYGONAL  FRAME. 


179 


Fig.  09. 


I 

B  that  enclose  the  side  of  the  jMlygon  of  forces 
n<>rce  in  question. 

U^rnnl  forces  are  jjarallel  to  each  other,  the  polygon 
;.  98  becomes  a  straight  line  A  D, 
ided  into  segments  by  the  radiating 
segment  represents  the  extoraal  force 
le  joint  of  the  bars  wliose  lines  of  re- 
allel  to  the  radiating  lines  that  bound 
Moreover,  the  segment  of  the  line 
itercepted  between  the  radiating  lines 
Jines  of  resistance  of  any  two  bars 
mg  or  ntjt,  re[)re8ents  tlie  resultant  of 
In 'which  act  at  points  between  the  bars. 
♦presents  the  total  load,  consisting  of 
la  A  B,  B  C,  C  D,  applied  at  1,  '2,  3, 
)  A  reptreeenta  the  total  supporting 
oppoHite  to  the  load,  consisting  of  the  two  portions 
lied  at  4  and  5  respectively.  A  0  represents  the 
e  load  applied  between  the  bars  A  and  Cj  aud 
Y  other  pair  of  bare. 

r  0  H  perpendicular  to  A  D ;  then  that  line  repre- 
snt  of  the  stress,  whose  amount  is  the  same  in  each 

tWhen  the  load,  as  is  usually  the  case,  is  vertical, 
called  the  "  fiortzontal  thrust"  of  the  frame, 
114,  might  more  con-ectly  bo  called  fiorisontal 
seeing  that  it  is  a  pull  iu  some  of  the  bars  and 
re. 

ical  expression  of  those  principles  is  as  follows : — 
iH  be  denoted  simply  by  H. 
I  the  inclinations  to  O  ii  of  the  lines  of  resistance 
itiguous  or  not. 

rcsficctive  stresses  which  act  along  those  bars, 
Itant  of  the  external  forces  acting  through  the 
those  two  bars. 

P=  H (tan  i  =±=  tan i')', (1.) 

B  =  H   seotj  R'  =  HBect^ (2.) 

of  the  tangents  of  the  inclinations  is  to  be 

^^mmul  Fnuae.  (AJf,,  151,  IM.)— When  the  frame, 
J  dosed,  as  in  fig.  97,  is  converted  into  an  open  frame, 
I  of  one  bar,  such  aa  E,  the  conxisponding  modification 
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is  made  in  the  diagram  of  inclined  forces,  fig.  98,  by  omitting 
lines  0  E,  D  E,  E  A,  and  in  the  cliiigram  of  parallel  forces,  11, 
by  omitting  the  line  O  K  Theu,  in  both  tliagiums,  D  O  an ' 
represent  the  snjyportiny  forces  resi)ectivcly,  equal  and 
opposed  to  the  stresses  along  the  extreme  bars  of  tbe  frame,  D  n: 
A,  which  must  be  exerted  by  tbe  supports  (called  iu  this  a 
abutments),  at  tiio  poiuts  4  and  5,  against  the  ends  of  those  Iai 
in  order  to  maintain  the  equilibrium. 

In  the  case  of  parallel  loads,  tlie  following  formulae  give  tl 
horizontal  stress  and  supi>orting  pressures. 

Let  1^  aiul  i^  denote  tbe  angles  of  inclination  of  the  bars  D  and 
respectively. 

Let  R<  =  O  D  and  B,  =  0  A  be  the  stresses  along  them. 

Let  S  'P  =  A  D  denote  the  total  load  on  the  frame;  then, 

tan  I4  +  tan  t,' ' 

Ej  =  H-Bect^;  K,  =  H'8ec  v (3.) 

118.  P«irc«B*t  Frnme— niabiiiir.    (.4 .  J/.,  152.) — Tbcstabi 
instability  of  a  polygonal  framei  depend.^  on  the  principles 
Article  112,  p.  173,  viz.,  that  if  a  bar  be  free  to  change  its  ai>[ 
position,  then  if  it  is  a  tie  it  is  stable,  atid  if  a  strut,  unstable;  ■ 
that  a  strut  may  be  rendered  stable  by  fixing  its  ends. 

For  example,  iu  the  fmme  of  fig.  97,  E  is  a  tie,  and  stable;  A, 
C,  and  D,  are  struts,  free  to  change  their  angular  position,  i 
therefore  unstable. 

But  these  struts  may  be  rendered  stable  iu  the  piano  of  the  fram 
by  means  of  stays;  for  example,  let  two  stay -bars  connect  the  join< 

1  with  4,  and  3  with  5 ;  then  the  points  1,  2,  and  3,  are  all  6xe4 
BO  that  none  of  the  Btnits  can  change  their  angular  position!  Th 
same  effect  might  be  produced  by  two  stay-bars  connecting  the  join 

2  with  5  and  4. 
The  frame,  aa  a  whole,  is  unstable,  as  being  liable  to  overton 

latemlly,  unless  provided  with  lateral  stays,  connecting  its  joiirf 
witli  fixed  pninta. 

Now,  8U]iiKiac  the  fnime  to  be  exactly  invert^,  the  londs  at  1, 
and  3,  and  the  supporting  forces  at  4  and  5,  being  the  same 
before.     Then  E  lieeomea  a  stnit;  but  it  is  8tal>le,  Ix^causc  its  end 
are  fixed  in  j>oaition;  and  A,  B,  C,  and  D  becomes  ties,  and 
stable  without  being  stayed. 

An  open  polygon  consisting  of  ties,  such  as  is  formed  by  A,  B,  0^ 
and  D,  when  inverted,  is  called  by  mathematicians,  •  /uniadtr 
poh/ffOHf  because  it  may  be  made  of  ropes. 

It  28  to  he  obsened,  that  the  stability  of  an  unatayed  polygon  4 
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of  the  kind  which  admits  of  oscillation  to  nnd  fro  about  tlia 
tion  of  equilibrium.  That  oscillation  mny  bo  injurious  in 
ictice,  and  stays  may  be  required  to  prevent  it. 
19.  Bniclns  wf  Fnunea.  {A.  Af.,  155.) — A  &rac«  13  a  stay-bar  on 
rh  there  is  a  (lerniiinent  stress.  If  the  distribution  of  the  loads 
joints  of  a  polygonal  fi^me,  though  consistent  with  its 
ibrium  as  a  whole,  be  not  conpistent  with  the  eqiiilihriura  of 
bar,  then,  in  the  diHgram  of  forces,  when  converging  lines 
tively  parallel  to  the  lines  of  resistance  are  drawn  fioin  the 
of  the  polygon  of  external  forces,  those  converging  lines, 
of  meeting  in  one  point,  will  be  found  to  have  gaps  between 
The  lines  necessary  to  fill  up  those  gaps  will  indicate  the 
to  be  supplied  by  means  of  the  i-esistance  of  braces.* 
resistance  of  a  brace  introdHces  a  pair  of  eqnal  and  opposite 
acting  along  the  line  of  resistance  of  the  biace,  upon  the 
*  of  joints  which  it  connects.  It  therefore  does  not  alter  the 
tni  of  the  forces  applied  to  that  pair  of  joiut.s  in  amount  nor 
BtioD,  but  only  die  distribution  of  the  components  of  that 
it  on  the  pair  of  joints. 

QpUfy  the  use  of  braces,  and  the  mode  of  determining  the 
on  them,  let  fig.  100  represent  a  frame  such  aa  frequently 


RC.» 


in  iron  roofs,  consisting  of  two  stmts  or  rafters,  A  and  K. 
three  tie-bars,  B,  C,  and  D,  form- 
s  polygon  of  five  sides,  jointed  at 
3,  4,  5,  loaded  vertically  at  1,  and 
'  by  the  vertical  resistance  of 
rsJla  at  2  and  o.  The  joints 
and  4  having  no  loads  af)ptied  to 
lem,  are  connected  with  1  l)y  the 
tuxv  1  4  and  1  3. 

To  make  tlie  diagram  of  forces  (fig.  101),  draw  the  vertical  lii.o 
i  A,  as  in  Article  116,  to  represent  the  direction  of  the  load 
nd  of  the  supporting  forces. 

*  13ui  method  of  treating  braced  tramet  oontaiiu  an  improTement  sug> 
•brMr.aetkMMxwenml867. 


^ 

N 
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The  two  segments  of  that  line,  A  B  and  D  K,  Are  to  be  talui 
represent  the  supporting  forces  at  2  and  5 ;  and  the  whole  line  ' 
-will  represent  the  Imid  at  1.     From  the  ends,  and  from  the 
of  division  of  the  aceUe  of  external  force*,  E  A,  draw  straight 

Iiarallel  respectively  to  the  lines  of  resistance  of  the  frame, 
iae  being  drawn  from  the  point  in  E  A  that  is  marked  wiUk 
corresponding  letter.     Then   A  a   and   B  b,  meeting   at  a,  b, 
represent  the  stn'sscs  nlong  A  and   B  re3i>ectively  ;  and  E  «  4 
D  df  meeting  in  d,  e,  will  represent  the  8tre.ss*3  along  D  and 
respectively;  but  those  four  linest,  inatoad  of  meeting  each  otl 
and  G  c  parallel  to  G  in  one  point,  leave  gaps,  which  are  to  bo  fill 
up  by  drawing  straight  lines  parallel  to  tfte  braces:   that  is  tus^ 
from  a,  6,  to  c,  pomllel  to  1  3 ;  aiid  from  d,  e,  to  o  jiiimllel  to  4 
Then  those  straight  lines  will  represent  the  strfesses  along  the  I 
to  which  they  are  respectively  |iamllel ;  and  C  o  will  represent  I 
tension  along  G.     To  each  joint  in  the  frame,  fig,  100,  taero  cc 
sfjouds,  in  tig.   101,  a  triangle,  or  other  cloHcd  |x>lygon,  having 
sides  respectively  parallel,  and  therefore  proportional,  to  the  fa 
that  act  at  that  joint.     For  example, 


Joints,         1, 


2, 


3, 


4. 


5,^ 


Polygons,  EAacs  E;  AB6A;  Bc6B;  DrfcD;  DE«D, 

fThe  order  of  the  letters  indicates  the  directions  in  which  the  fan 
act  i-elatively  to  the  joints.  1 

Another  method  of  treating  simple  cases  of  bracing  is  illiutnti 
by  fig.  102.  A  and  B  are  two  struts,  forming  the  two  halves  j 
one 


Fig.  102. 
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one  straight  bar;  C  and  D  are  «wo  equal  tie-rods;  E,  a stnt-brM 
A  vertical  load  P  is  applied  at  the  joint  1,  between  A  and  B;  t^ 
vertical  snpporting  pressiircs,  each  denoted  by  R  =  P  ■?•  2>  Wt| 
the  joints  4  and  2.     The  joint  3  has  no  external  load.  ' 

Fig.   103  is  the  diagram  of  forces,  constructed  as  followsii 
Throagb  a  point  O  draw  0  B  A  ^tsJitWo  K.  «».\'&^Q<::i7raS 
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C,and  OD  parallel  to  D.     JMake  OD  =  OC;  join  OD;  thi« 

will  be  parallel  to  the  brace  £,  aad  perpendieuLir  to  O  A. 

ISuvngh  D  and  C  draw  TerticaJ  lines  I)  B,  C  A;  these,  being 

to  each  other,  are  to  be  taken  to  represent  the  two  supporting 

K;  and  their  mm  D  B  +  A  C  will  represent  the  load  P. 

equal  tensions  on  C  and  D  will  be  represented  by  O  0  and 

D»  and  the  thrasta  along  A,  B,  and  £,  bj  O  A,  O  B,  and  C  D. 

Tli«  polygon  of  esctemal  forces  in  tlus  case  is  the  crossed  quad- 

A  C  D  B,  in  whidi  C  A  and  B  D  represent  (as  already 

.  snpporting  pressures,  and  D  C  and  A  B  the  coraiwneuta 

[  Uie  luad  P  respectively  }iarallel  and  periK-ndiciiIar  to  the  brace 

[    When  A  and  B  are  horizontal,  and  £  voilicul,  A  B  in  fig.  103 

wiihiw,  and  B  D  and  C  A  coincide  with  the  two  halves  of  C  D. 

120.  BisMUr  vr  a  TrwM,   {A.  M.,  156,  157.)— The  word  trttis  is 

qpli«d  in  carpentry  to  a  triangular  frame,  and  to  a  polygonal  frame 

1  which  rigidity  is  given  by  staying  and  bracing,  so  that  its  figure 

lall  he  incapable  of  alteration  by  turning  of  tlie  bars  about  their 

uitaL     If  each  joint  were abtaliUeiy  of  the  kind  described  in  Article 

11,  ikiA  is,  like  a  hinge,  incapable  of  oftbring  any  resistance  to 

Ittn^oo  of  the  relative  angular  po-sition  of  the  bars  connected 

ly  it,  it  would  be  neces.sary,  in  order  to  fulfil   the  condition   of 

idity,  that  every  polygonal  frame  should  be  divided  by  the  lines 

Ractanoc  of  stays  and  bnues  into  triangles  and  other  polygons, 

•RBDged  that  every  polygnn  of  four  or  more  sides  should  be 

~ed  by  triangles  on  all  but  two  sides  and  the  included  angle 

^     For  every  unstayed  polygon  of  four  sides  or  more,  with 

iits,  is  flexible,  unless  all  the  angles  except  one  bt*  tixcd 

Djr  rx-in^  connected  with  tnangien 

Sometimes,  however,  a  certain  amount  of  stiffness  in  the  joints 

s  frame,  and  sometimes  the  resistiince  of  its  bars  to  bending,  is 

lied  upon  to  give  rigidity  to  the  fmuie,  when  the  load  upon  it  is 

bject  to  enoall  variations  cmly  in  its  mode  of  distribution.     For 

pie,  iu  the  tnue  of  fig.  104,  the  ,.  ^ 

b(4un  A  A  is  made  in  one  piece,  or 
two  or  more  pieces  so  connected 
ligii<her  ns  to  act  like  one  piece ;  and 
Hut  of  its  weight  is  suspended  from 
ht  jointa  C,  C,  by  the  rods  CB,  C  B. 
theeie  rods  also  serve  to  make  the  re-  ^'S-  ^^^ 

lutaace  of  tlie  tie-beam  A  A  to  being  V-nt  act  so  as  to  prevent  the 
Itouts  A  C,  C  C,  C  A,  from  deviating  I'l-om  their  proper  angular 
tjons,  by  turning  on  the  joints  A,  C,  C,  A.  If  A  B,  B  B,  and 
wore  three  distinct  pieces,  with  flexible  joints  at  B  B,  it  is 
t  that  the  frame  Slight  be  disfigured  by  distortion  of  the 
^eBOCR 
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Tlio  object  of  stiffening  a  truss  by  braces  is  to  enable  it  to  Bustni 
loada  variously  distributed;  for  were  the  load  always  distributed 
one  way,  a  frame  might  l»e  designed  of  a  figure  exactly  suited 
that  load,  so  that  there  should  be  no  need  of  bracing. 

The  vanatioua  of  load  piroduce  variations  of  stress  on  all  tin 
pieces  of  the  frame,  but  L'Sjx-cially  on  the  braces;  and  each  pii 
must  be  suited  to  withstand  the  greatest  stress  to  which  it  is  liiibl^ 

Some  pieces,  and  especially  braces,  may  have  to  act  sometimnitg 
Btruts  and  sometimes  as  ties,  according  to  the  mode  of  disti-ibutioa 
of  the  load 

121.  Secondary  nm4  Compoond  TrnMiHS.   (A.  3f.,    158  tO  160, 

A  Kcondari/  Irius  is  a  tnisa  which  is  supported  by  another  truss. 

When  a  load  is  distributed  over  a  great  numbc-r  of  centres  ol 
tance,  it  muy  be  advantageous,  instead  of  coruiecting  all  tham 
centres  by  one  polygonal  frame,  to  sustain  them  by  means  of  several 
wnall  trusses,  which  are  supported  by  larger  trusses,  and  so  on,  tb« 
whole  structure  of  secondary  trusses  resting  finally  on  one  larga 
truss,  which  may  bo  called  the  primary  trtuts.  In  such  a  combina* 
tion  the  same  piece  may  often  form  part  of  different  trusses;  and 
then  the  stress  upon  it  is  to  be  determined  according  to  the  follow- 
ing princiftle : — 

W/ien  the  same  bar  /orma  at  the  tame  time  part  of  txco  or  men 
different  frames,  t/ie  stress  on  it  is  t/ie  resultant  of  the  several  itmtit 
to  which  it  is  subject  by  reason  of  its  position  in  tk«  $9veral  frames. 

In  a  Comjmund  Truss,  several  frames,  withont  being  distinguidi* 
able  into  primary  and  secondary,  are  combined  and  connected  i 
Buch  a  manner  that  certain  pieces  are  common  to  two  or  more  of 
tlieiii,  itnd  require  to  have  their  stresses  determined  by  the  priuciple 
above  titated. 

Examples  of  secondary  and  compound  truBses  will  bo  given  ia 
treating  of  structures  in  timber  and  iixm. 

122.  BevlMaaco  «r  ■  Fnmi!  ai  «  SecUMi.  (A.  if.,  161.) — ThelabOV 
of  calculating  the  stress  on  the  bars  of  a  frame  may  sometiiuca  lo 
abridged  by  the  application  of  the  following  principle; — 

If  a  frame  be  aded  upon  by  any  systejn  of  external  f  trees,  and  if 
ituU  frame  be  concaved  to  he  completely  divided  into  two  jxtrts  by  an 
ideal  surface,  the  stresses  cUonfj  the  bars  which  are  intersected  by  that 
surface,  balance  tfie  eaiemal  forces  which  act  on  eadi  of  the  two  parO 
of  the  frame. 

In  most  cases  which  occur  in  practice,  the  lines  of  resistance  of 
"the  bars,  and  the  lines  of  action  of  theoxtcmaJ  forces,  arcal!  in  one 
vertical  plane,  and  the  external  forces  are  vertical.  In  sucli  ca«« 
the  most  convenient  position  for  an  assumed  plane  of  section  i» 
vertical,  and  perpendicular  to  the  plane  of  the  frame.     Take  th« 

■tj'caJ  line  of  interaction  oi  tbcae  \.v)o  i^\».\ife^  ^ot  wi.  i»ia  ^"Sr 
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tes, — aaj  for  the  axis  of  y,  and  any  convenient  point  in  it  for 
origin  O ;  let  the  axis  of  a;  bo  horizontal,  and  in  the  plane  of 
frame,  and  the  axis  of  z  horizontal,  and  in  the  piano  of  section. 
W  external  forces  applied  to  the  part  of  tJie  frame  at  one  side 
"  'ine  of  section  (either  may  bo  chosen)  being  combined,  as 
99,  p.  146,  give  three  data — viz.,  tlio  total  force  along 
^  •  X ;  the  total  force  along  1/  =  2  •  Y ;  and  the  moment  of  tbu 
"e  acting  round  z  =  M;  and  the  bars  wbich  are  cut  by  the  plau© 
"on  must  exert  resistances  capable  of  balancing  tliose  two 
1  that  couple.     If  not  more  than  three  bars  are  cut  by  thi 
Eh!  of  Rection,  there  are  not  more  than  three  unknown  qiiantities, 
4  three  relations  between  them  and  given  quantities,  eo  that  tlie 

Brcblem  in  determinate ;  if  more  than  three  bars  are  cut  by  the 
Une  of  section,  the  problem  is  or  may  be  indeterminate. 
The  fonnulio  to  which  this  reasoning  leads  ore  as  follows : — Let 
t  b*  positive  in  a  direction  from  the  plane  of  section  towards  tlie 
jirt  of  the  structure  which  is  considered  in  determining  2  •  X,  2i  ■  Y, 
tod  M;  let  +  y  be  measured  upwards;  let  angles  measured  from 
0« towards +  y,  that  is,  upwards,  be  positive;  and  lot  the  lines  of 
RHtt&nce  of  the  three  bars  cut  by  the  plane  of  section  make  the 
Biglestj,  tj,  tj,  with  X.  Let  n^,  no,  n^  be  the  perjiendicular  dis- 
tuou  of  those  three  lines  of  resistance  from  O,  distances  lying 

upwards    \  tL^     n     -u  ■  •  1       i       i  positive  \ 

J  _j    >  from  O  ae  being  considered  as  <  '       ,.      > . 

downwardfl  j  (  negative  J 

Rjy  B^  R3,  be  tbe  resistances,  or  tot«J  stresses,  along  the 

ban^  pulls  being  positive,  and  thrusts  negative.     Then  wo 

live  the  following  three  equations : — 

2  •  X  =:  R^  cos  t'l  -f-  R,  cds  ij  +  Rj  cos  t,;  \ 

2*y  =  Bj  sin  ti  +  Rj  sin  t'j-f  R3  sin  t,;  > (1.) 

—  M  =  R,nj-HR3nj-j-R3«j;       j 

[ftom  which  the  three  quantities  sought,  Rj,  R,,  Rj,  can  be  fonnd. 

^•eakiog  with  reference  to  the  given  plane  of  section,  2  •  X  may 
I  lie  called  the  normal  stress,  2  •  Y,  the  shearing  stress,  and  M,  the 
|M0Buni  of  flexure,  or  bending  stress;  for  it  tends  to  bend  the  fi-ame 
]at  the  section  under  consideration.     M  is  to  be  considered  as 

I  w<    t'      \  8*^<^'^'li°g  *8  i*  teiids  to  make  the  frame  become  con- 

\  downwards,  j 

Examples  of  the  application  of  this  method  will  be  given  in 
titatJng  of  lattice-beams  of  timber  and  iron, 

123.  ■■!■■*•  Af  a  Ch«in  *r  Cord.— A  loaded  chain  may  be  looked 
OpoD  as  a  polygonal  frame  whose  pieces  and  joints  are  so  numerous 
that  itaSgare  may  without  sensible  error  be  treated  as  a  contiuMOTia 


10 


3a      I 


^_  on 


MATEBIALS  ASD  ffTBUCTUBXa. 


curve.  The  following  are  the  principles  respecting  the  eqailQi 
rium  of  loaded  chains  and  conLi  which  are  of  most  loaportAOQ 
in  practice. 

1  Balcmet  of  a  Chain  in  general: — Let  D  A  C,  in  fig.  105,  reprs 
aent  a  flexible  cord  or  chain  supported  at  the  points  C  and  D,  ui 

loaded  bj  forcea  in  aof 
direction,  oonstant  or  Taijrb 
ing,  diatribated  over  iti 
whole  length  with  con- 
stant or  varying  intenatj 
Let  A  and  B  be  ttnj 
two  points  in  this  chain; 
^"       *  from    those    points  dnv 

tangents  to  the  chain,  A  P  and  B  P,  meeting  in  P.  The  load  acting 
on  the  chain  between  the  points  A  and  6  ia  balanced  by  the  pnllt 
"oog  the  chain  at  those  two  points  reapectively;  those  pulls  riujt 
respectively  act  along  the  tangents  A  F,  B  P;  hence  the  resoltint 
of  the  load  between  A  and  Baots  through  the  point  of  interwiction 
of  the  tangents  at  A  and  B ;  and  that  load,  and  the  tensions  on  the 
chain  at  A  and  B,  are  respectively  proportional  to  the  sides  of  k 
tiiangle  parallel  to  their  directions. 

IL  Chain  under  VerUecU  Load — CwrrB  of  Equilibrium. — If  ^ 
dii-ection  of  the  load  be  everywhere  parallel  and  vertical,  draw  t 
vortical  straight  lino.  C  D,  fig.  106,  to  represent  the  total  load,  mid 
from  its  ends  draw  C  O  and  D  O,  parallel  to  two  tangents  at  the 
points  of  support  of  the  chain,  and  meeting  in  0; 
those  lines  will  represent  the  tensions  on  the  chiiii 
at  its  jx)iuta  of  support 

Let  A,  in  fig.  105,  be  the  lowest  point  of  th« 
chain.  In  fig.  106,  di-aw  the  horiaontal  line  0  A; 
this  will  represent  the  horizontal  component  of  Uw 
tejjsion  of  the  chain  at  every  point,  and  if  0  B  be 
liamllel  to  a  tangent  to  the  chain  at  B  (6g.  105] 
A  B  will  represent  the  portion  of  the  load  snj 
ported  between  A  and  B,  and  O  B  the  teaision  at 
Fig.  106.  To  express  this  algebraically,  let 

H  =  0  A  =  horizontal  tension  along  the  chain  at  A; 

B  =  0  B  =  pull  along  the  chain  at  B; 

P  =  A  B  =  load  on  the  chain  between  A  and  B ; 

t  =  ^  X  P  B  (fig  105)  =  ^  A  O  B  (fig.  IOC)  =  inclination  of 
chain  at  B; 
then, 

P  =  Htan*;R=J^-V^*^  ^"H.  «t  v ,^\ 
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deduce  from  Uiese  formtil»  an  eqnatioa  by  -vrliich  the  form  of 
carve  aasomed  by  the  chain  can  be  determined  when  the  distii- 
L  of  the  load  is  known,  let  that  curve  be  referred  to  rectangular 
Qtal  and  rertieal  co-ordinatea,  measured  from  the  lowest  point 
,  105,  the  oo-ordioates  of  B  being,  AX  =  2;,XB  =  y;  thea 


tan  t  ^  -r^  ^  =-1 


rfy 


(3.) 


P 

'dx~^u'  •: 

atial  Mjuation  which  enables  the  form  assumed  by  the  cord 
^turve  o/ equUibfium")  to  be  deteiinined  when  the  distnbutiou 
'  the  load  is  known. 

T«  0>mw  ■  Cnre  mt  EqiitllbrlaiB  arpi^xiviiXc'T* 
DfiLEM. — t«t  H  and  K,  fig.  107,  be  the  two  points  of  Buspen- 
a  chain  under  a  Tertical  load ;  let  the  distribution  of  the 
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rtg.  107.  Fig,  108. 

be  given,  and  the  direction  of  a  tangent  H  L  to  the  chain  at 
he  o£  the  points  of  suqieufdon ;  it  is  requii-ed  to  draw  approxi- 
lately  the  figure  of  the  chain, 

FumI  tbe  centre  of  gra^nty  of  the  entire  load,  and  let  G  L  be  a 
nrtical  line  paaring  tlirough  it,  cutting  the  tangent  H  L  in  L. 
[nin  R  L ;  this  will  be  the  tangent  to  the  chain  at  the  other  point 
tospension. 

eive  the  load  to  be  divided  into  any  convenient  number  of 
the  more  numerous  these  are,  the  clo.ser  vnU  Iw  the 
ition  to  the  required  curve.  Find  the  centres  of  gi-avity 
ff  tliow  portions,  and  let  Pj,  Pj,  Ac.,  be  vertical  lines  piissing 
lirough  those  c<"utres  of  gravity. 

In  tig,  lOS,  draw  the  vertical  line,  or  scale  of  loads,  A  G,  whose 
thak  length  representa  the  entire  load;  divide  it  into  parts,  A  B 
V 1,  B  0  or  2,  Ac,  represeiiting  the  several  portions  of  the  load. 
ntwf^  A  diuw  A  O  parallel  to  L  H,  and  through  G  draw  G  O 
bnflel  to  K  L,  cutting  each  other  in  O.  From  O  draw  radiating 
laa  0  B,  O  C»  Ac.,  ia  the  points  of  division  of  the  scale  of  loads. 
J'itti,  ia  £g.  W7,  irom  the  point  of  intersection  of  A^  or  H.  L, 
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■with  Pj,  draw  B  parallel  to  O  B,  cutting  P, ;  from  the 
intersection  of  B  mid  P,,  draw  C  parallel  to  O  0,  cutting  Pj, 
BO  on,  until  the  "funicular  polygon"  ABC,  &c.,  is  comple 
tli&t  [lotygon  18  composed  of  tangents  to  the  required  curve 
libriuni,  to  which  an  approximation  may  be  drawn  by  ske 
curve  so  an  to  touch  the  sidea  of  the  polygon, 

1 2!),    Chain  nailer  an  Cniform  Vertical  L.«ad — Saaprnaiion  Bridn 

(A,  M.,  IG'J,  170.) — By  an  uniform  verticjU  load  is  meant  &  li 
imiforiuly  distribuleil  aloug  a  horizontal  straight  line;  aotlutj 


Fig.  109. 


A,  fig.  109,  bo  the  lowest  point  of  the  rope  or  cord,  the  load  sn» 
pcniduil  between  A  and  B  wball  bo  proportional  to  A  X  =  a;,  tlrt 
horizontal  distance  between  those  points,  and  ca]iable  of  beiiu 
expressed  by  tho  equation 

P=/>«; (1.) 

where  ^  is  a  constant  quantity,  denoting  the  intmtUy  o/t/u  load  it 
Unite  of  teeigJd  per  unit  of  horizontal  length:  in  pounds  per  lioai 
foot,  for  example. 

In  this  case,  because  the  load  between  A  and  B  is  uniforailj 
distributed,  ita  resultant  bisects  A  X;  also,  the  tangent  B  P  bisecti 
A  X  \  and  the  curve  assumed  by  the  chain  is  a  PABABola.  vhi 
vertex  is  at  A. 

The  proportions  of  the  load,  and  the  horizontal  and  oblique  tetj* 
lions  are  as  follows : — 


P:H:R       FX  :  5T  :  PB  :  :  y  :  | :  j{y^-^f) 


!»  =  -: —  = 


Ay~2p 


k  The  focal  distance  of  the  parabola  is 

■  ^a       H 

L^Theso 

K 


(2.) 


(3) 


^eso  equations  are  applicable,  with  sufficient  accuracy  for  prae- 
urposes,  to  most  examples  of  Sttapeimicm  Bridges  with  vertical 
for  although  in  a  bridge  of  that  class  the  load  is  not  con- 
i,  tho  platform  being  latmg  \>^  loda  Itoia.  a.  c»tXHixa.\va»vb«r  of 


In  each  cable  or  chain;  nor  uniformly  disturbed,  the  load 
{jom  the  weight  of  the  cables  or  chains  and  of  the  suspend- 
being  more  intense  near  the  piers;  yet,  iu  moat  cases 
occur  in  practice,  the  condition  of  each  cable  or  chain 
es  siifficiently  near  to  that  of  a  cord  continuously  iind 
ly  loaded  to  enable  the  preceding  equations  to  be  applied 
hitout  material  error. 
The  folio-wing  solutions  of  some  useful  problems  are  deduced  fixjm 

eqoationa : — 
Problem  First. — Given  the  eUvationa,  yj,  y„,  of  the  ttoo  jminfs  of 
}tfpori  of  the  cJuitn  above  its  lowest  point,  and  also  the  koritotital  die- 
et,  or  ipOH  a,  betufeen  those  points  of  support :  it  is  required  to  find 
korizontal  dittaTices,  Xj,  x^,  oftJte  lowest  point  from  the  two  points 
f  support :  also  tlte  focal  distance  m. 


JVi 


Jyi+Jvi' 


i  a^  =  ' 


■s/?/2 


JVi  +  JUi 


m  = 


WIm  the  points  of  support  are  at  tlie  same  level, 


yj  =  yj;xi=^jm  =  jg^. 


.(4,) 
(5.) 

(G.) 


PiOBLEM  SecOKD. — Given  the  same  data,  to  find  ilia  inclination* 
\^i^ofthe  cltain  at  the  points  of  support. 

"      Xj^  a  '        ^       x^  a  ^    ' 

when  yi  =  yp  tanti=;tanig= -^ ,.-  (8.) 

a 

Pbobleii  Third. — Given  the  same  data,  and  the  load  p  per  unit 
^yglh  :  required  the  horizontal  tension  H,  and  the  tensions  B.^,  li^, 
flC  A$  foinit  of  support. 


H  =  2/>m  = 


pa^ 


(9.) 


E,^HV(1  +  ^;B,  =  HV(1  +  ^)....(10.) 
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When  yi  =  yj,  those  equataona  become 


FnoBLEic  FouKTH. — Given  tlte  tcmw  data  as  tn  PrMem  Fint,  to/t 
th»  length  of  the  chain. 

The  following  are  two  well-known  formulce  for  the  length  of 
paralx)Uc  arc,  oommencing  at  the  vet-tea,  one  l)ciug  in  tenua  of 
co-orclin;ites  x  and  y  of  the  farther  extremity  of  the  are, 
other  in  terms  of  the  focal  distance  «»,  and  the  inulination  i 
farther  extremitj  of  the  arc  to  a  tangent  at  the  vertex. 


-Xv'+t) 


+47"^yp-^**fr 


y+s/(y'+f) 


^7»[tan  *  •  sec  t  +  hyp.  log.  (tan  t  +  soc  t)] (12.) 

The  lengtJi  of  the  dtain  is  a^  +  «j,  where  ^^  is  found  by  pttttiaci 
and  j/i  in  the  fii'st  of  the  above  formulae,  or  t.  in  the  second,  and 
by  putting  x^  and  t/j  in  the  first  formula,  or  t,,  in  the  secoud. 

The  following  approximate  formula  for  the  length  of  a  panbd 

arc  is    in  many  cases   sufficiently  near  the  truth   for    pnotfl 

purposes: 

2  1/2 
•=:«-fg--  nearly, „ (13.) 

which  gives  the  total  length  of  the  cord, 
and  when  ^j  =  y^  iMa  becomes 


2«i  =  a  +  ^-  ^JMOf/y...... 


(15.) 


FROBT.EM  FiPTH. — Given  the  same  data,  to  find,  approximaUiji, 
th  small  elongation  of  the  chain  d  (sj  +  Sj)  required  to  produce  a 
imall  dcpreuion  djofthe  Icweit  potni  A,  and  eotveertdy. 


^^=3^*  +  ^ C^) 


4y  -  Zi  - <"  ) 

serve  to  compute  the  depression  which  the  middle 

sion  bridge  undergoes  in  consequence  of  a  ^ven 

cable   or  chain,  whether  caused  by  heat  or  by 

Sixth. —  To  find  the  'pressure  on  tfie  top  of  each  pier. 
itibe  piers  of  a  Buspension  bridge  are  slender  and  vertical 
Ly  the  case),  the  resultant  pressmro  of  the  chain  of  cable 

of  the  pier  ought  to  be  vertical  also.  Thus,  let  O  E,  in 
Ipresent  the  vertical  axis  of  a  pier,  and  C  G  the  portion  of 

or  cable  behind  the  pier,  which  cither  supptirta  another 
'  the  platform,  or  is  made  fast  to  a  mass  of  rock,  or  of 

r  otherwise.     If  the  chuin  or  cable  passes  over  a  curved 

le  top  of  the  pier  called  a  saddle,  on  which  it  is  fi-ee  to 
teo8ioQ3  of  the  porttous  of  the  chain  or  cable  on  either 
'p  smldle  will  be  equal ;  and  in  order  that  those  tensions 
a  verticiil  pressure  on  the  pier,  their  inclinations  must 

d  ojiposite.     Let  i  be  the  common  value  of  those  iuclina- 
ihe  common  value  of  the  two  tensiouB;  then  the  vertical 
the  pier  is 

V  =  2R8in»=2Htixnt  =  2^x;  (18.) 

iof  the  weight  of  the  portion  of  the  bridge  between  the 

e  lowest  point,  A,  of  the  curve  0  B  A  D. 

le  two  diviiuons  of  the  chain  or  cable  D  A  C,  C  G,  which 
*,  be  made  fait  to  a  sort  of  tnick,  which  is  supported  by 

a  hoTXsonUil  cast  iron  platform  on  the  top  of  the  pier, 

nnure  on  the  pier  will  be  vertical,  whether  the  inclina- 
le  two  divisions  of  the  chain  or  cable  be  equal  or  unequal ; 
nly  uecessajy  that  the  horizonlaX  ci)mponents  of  their  teu- 
be  equal ;  that  is  to  say,  let  i,  i',  be  the  inclinations  of 

visions  of  the  chain  or  cable  in  opposite  directions  at 
.B',  their  tensions,  then 

E  =  Haectj  R'=Hsect'i 
V  ==  R  sin  t  +  R'  sin  t'  =  H  (tan  t  +  tan  t') (19.) 

ipwiw   Bridge  with  Slopinji  Bod-.     {A,    J/.,    172.) Let 

Dily-loaded  platform  of  a  suspension  bridge  be  hung  from 
by  mrallel  sloping  rods,  making  an  uniform  angle  _/ with 
L  The  condition  of  a  chain  thus  loaded  is  the  same  with 
chain  loaded  vertically,  except  in  the  direction  of  the 
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load;  nnd  the  form  assumed  by  the  chain  is  a  parabola,  having 
axis  paittllel  to  the  direction  of  the  Buspenaion-roda. 

In  lig.  1 10,  let  C  A  represent  a  chain,  or  portion  of  a  chain,  roj 
ported  or  fijted  at  C,  and  horizontal  at  A,  its  lowest  point, 
r  A  U  be  a  horizontal  tangent  at  A, : 

sen  ting  the  platform  of  the  bridge; 
let  tlie  suspension  rods  be  all 
to  C  E,  which  makes  the  angle  ^ 
=  j  with  the  verticjil.     Let  B  X  rep 
sent  any  rod,  and  suppose  a  ve 
^'ff-  ^^^'  load  p  to  be  supported  at  the  point < 

Tlieo,  by  the  principles  of  the  equilibrium  of  a  frame  of  tvo 
this  load  will  produce  ixpuU,  p,  on  the  rod  X  B,  and  a  thrust, 
the  pliitfoi-m  between  X  and  H ;  and  the  three  forces  r,  p,  q,  h 
)vroportiona!  to  the  aides  of  a  triangle  parallel  to  their  direci 
such  as  the  triangle  C  E  H ;  that  ia  to  say, 


:£01 


;p:y::CH:UE:EH::l  rsec;:  tan^ (1.) 


Next,  instead  of  considering  tlie  load  on  one  rod  B  X,  oonnd 
the  entire  vertical  load  V  botween  A  and  X. 

Let  P  represent  the  amount  of  the  pull  acting  on  the  rodal 
A  and  Xj  aud  Q  the  total  thrust  on  the  platform  at  the  point ! 

then,  

V  :  P  :  Q  :  :  CJIT :  CE  :  WK  :  :  1  :  aecj  :  tauj...  (2.) 

The  oblique  load  P  =  V  sec  j  is  what  hangs  from  the  chain  beti 
A  and  B.     Being  uniformly  distributed,  its  rrauitaut  bisects 
in  P,  which  is  also  the  {]oint  of  intersection  of  the  tangents  , 
IIP;  and  the  ratio  of  the  oblique  load  P,  the  horizontal 
H  along  the  chain  at  A,  and  the  tension  E.  along  the  chain 
is  that  of  the  aides  of  the  triangle  B  X  P;  that  is  to  say, 


P  :  H  :  R  :  :  B  X 


:-3rp=?? 


BP. 


(3.) 


The  cnrve  C  B  A  is  a  parabola  having  its  axis  parallel  to  the 
clined  suspension  rods ;  and  its  equation  referred  to  oblique 
nates,  with  the  origin  at  A,  is  as  follows.     Let  A  X  =  x,  X  B 
then, 

4ot       """ **' 


y  = 


(t) 


^B«rh( 


t [where  m,  as  in  Article  \25,  denotes  the  focal  distance  of  the  p*<v] 
lis,  ^'ven  by  the  eqxiatiou 


wntm 


svsr:3i'siox  bbsdge  with  sloping  E0D3. 
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m  = 
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•  COR^j 


iy 


(5.) 


; 


jf  Wing  the  oo-or<linate«  of  any  knoum  point  in  the  curve. 
_th  of  tlie  tangent  B  P  =  <  is  given   by  tlie   following 


i  ^  \/  (4-  "^'y' + *»y  ■  «^°^) 


.(G.) 


IM  «T«  deduced  the  following  formulsB  for  the  relations  amongst 

Jbroes  which  act  iu  a  suspenaion bridge  with  inclined  rods ; — Let 

be  taken  to  denote  the  intenaily  of  the  vertical  load  ]K!r  unit 

lei^^  of  horizontal  platform — per  foot,  for  example ;  p  the  in* 

of  the  oblique  load;  g  the  rate  at  which  the  thrust  along 

platfortu  increases  from  A  towarda  H.     Then 


Y  —  vx; 
Y^px^v  X  '  sec  J 


1>) 


.(7.) 


__      xP     px^     2pm      - 
ijy       tiy       cos- J 


8ec»j (8.) 


<P      2<H      ptx      vtx  sec  J 


E=_-^:-!^-^ii--'= 


y 


(9.) 


The  horizontal  pull  H  at  the  point  A  may  be  sustained  in  three 
fferent  ways,  viz. ; — 

I.  The  chain  may  be  anefiored  or  made  fast  at  A  to  a  mass  of 
ick  or  masonry. 

IL  It  may  be  attached  at  A  to  another  equal  and  similar  chain, 
larly  loaded  by  means  of  oblique  rods,  sloping  at  un  equal 
Bgle  in  the  dii-ection  opposite  to  that  of  the  rods  B  X,  ic,  so  that 
may  be  in  the  middle  of  the  span  of  the  bridge. 
IIL  The  chain  may  be  made  fast  at  A  to  the  horizontal  platform 
H,  so  that  the  pull  at  A  shall  be  balanced  by  an  equal  and  opi)o- 
thrust  along  the  platform,  which  must  be  strong  enough  and 
to  sustain  that  thrust.     In  this  case,  the  total  tknist  at 
tf  X,  of  the  platform  is  no  longer  simply  Q  =  ^  x,  but 

=  r(2m*8ec*j  +  x*tanj) ...(10.) 

T1»  UnptA  of  thg  paraboHc  are,  A  B,  is  given  exactly  by  tti« 

Q 


+Q=G^  +  ,) 
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following  formulsB : — Let  i  denote  the  inclination  of  the  paxmbc 
St  the  ])oiat  B  to  a  line  perpendicular  to  its  axis.     Thein 


•  saro 


•«»(|°-•C08J^  (ll.| 


which,  when  B  coincides  with  A,  bocoraea  aimply  i=j.     Tin 
from  the  known  foruiuUc  for  the  lengths  of  parabolic  arcs,  we  ha' 

parabolic  arc  A  Bsm  v  tan  »  sec  t  —  tan  J  eec^ 

,       ,      tan » +  sec  i  )  ,,  _ . 

In  most  cases  which  occur  iu  practice,  howe\'er,  it  ia  sufficient 

use  tho  following  approximate  formula: — 


arc  A  B: 


.    .    2    y*co8*j 
•^        •'3  x  +  ysinj 


-.,  nearly (la) 


Tlie  formuhe  of  this  Article  are  applicable  to  Sir.  Drodg**'*  gij 
pi'ti.sinn  bridges,  iu  which  the  suspending  rods  arc  inclined, 
although  not  exactly  parallel,  are  nearly  so. 

127.  »cflccil©n  of  •  Flexible  Tie.  (.4,   ^f.,  171.) — Lot   a  VCTiia 

load,  P,  be  applied  at  A,  fig.  Ill,  and  sustained  by  means  of 

horizontal  strut,  A  B,  abutting  aguoit 

pior  at  B,  and  a  sloping  rope  or  chalii|( 

other  flexible  tie,  ADC,  fixed  to iti 

tcp  of  the  pier  at  C.     Tho  weight  of  ' 

stinit,  A  B,  is  Bup]X)s«d  to  be  divided 

two  componeuls,  one  of  which  ii 

ported  at  B,  while  the  other  is 

in  the  load  P.     The  weight,  W, 

Fig.  111.  flexible  tie,  ADC,  is   ^^ 

Icnown,  and  to  be  considered  separately  j  and  with  t:. 

is  proposed  the  following 

Problem. — W  being  amaU  compared  ifiitJi  V,  fo  fi ml  nhnro.nt 
yo  vertical  depreaaion  E  D  o/  Iht  flexible  (■  \l\ 

A.0,  Ae  puUa  along  ii  ai  A,  D,  and  C,  u,,^     .  _ 

tUong  AB. 

Because  W  is  small  compared  with  P,  the  curvature  of 
will  bo  .small,  and  the  distribution  of  its  weight  along  a  hor 
line  mjiy  be  taken  as  approxivnatdy  uniform ;  then?fore  its 
will  be  nearly  a  j)fimbo]tt;  the  tangent  at  D  will  be  sensibly  [« 
%iy  A  C,  and  the  tangents  at  A  and  C  will  meet  in  a  jxnnl  wlid 
■will  he  near  the  vertical  line  E.I>  ¥,  which  liue  bisects  A  0,  and i 


d  an  D.  fieooe  the  following  Bolution  is  in  general  sufli- 
'  near  the  ti-uth  for  practical  puqjoses.  Let  R^  E^,  R„  b« 
uaons  of  the  tie  at  A,  D,  C,  respectively,  oud  H  the  horizontal 
-  ih&n. 


.(1.) 


W 

a 


e  d^^ference  oflengUi  between  the  carve  A  D  Cand  the  straight 
1 E  C  is  found  very  nearly  by  the  following  formula : — 


8    ABg-DE?      1     AB»-BCa 
rAEC  =  3-       -^^,       -^4'       ;^^ 


(     ^ 


r- 


(2.) 


EF  be  mado  =  2DE,  FC  and  FA  will  be  approximately 
cnt»  to  the  chain  at  C  and  A. 

I&  The  cnieaarr  {A,  M.,  115),  in  the  moat  general  sense  of  the 
1,  is  tiie  carve  formed  by  a  chain  when  loaded  in  any  nidnner; 
when  used  without  qualification,  its  application  is  usually 
-ieted  to  the  case  of  a  chain  of  uniform  section  and  material, 
ed  with  it^  own  weight  only.  As  thua  defined,  the  catenary  has 
foil  perties: — 

A'  iis  are  similar. 

L  The  jiijura  of  the  catenary  is  expressed  algebraically  by 
following  equation.  (See  fig.  112.) 
A  be  the  vertex,  or  lowest  point  of 
where  it  is  horizontal, 
vertical  line,  called  the  para- 
modtdiu  of  the  catenary,  on 
its  dimensions  depend;  let 
of  that  line  be  denoted  by  ".     ^ 

ice  O  for  the  origin  of  co-ordi-  ^'6-  ^^2. 

Let  B  be  anx  other  point  ia  the  catenary,  whose  abscia8»| 


1&6 
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or  homontal  diatatice  from  O,  is  O  X=:d;,  and  vertical  height  aU 
the  same  point  X  B  =  y.     Then 

the  ordinate  XB=5y=:^(g"^j~*)j* 

the  arc  AB=«  =  -^f  «*  — i~ ")=  Jy^-—^i 
the  ahBciasa  in  tcnns  of  the  ordinate, 


( 


ms] 


the  area,  A0XB=/yc?x  =  -5-  fe"  —  «~"J= 
the  rate  of  slope  at  the  point  B, 

^  =  tant  =  3(«  — «    -)  =  -; 


(i  l>eing  the  anj^lo  of  inclination  of  the  cnrve  at  B  to  the  horitm 
The  radius  of  curvature  at  the  same  point  is, 


,.<.J(.V+.-V+,), 


i 


at  the  point  A,  p  =r  ni. 

On  B  X  as  a  liypotlieniise  constnict  the  right-angled  tritngli 
X  T  B,  in  which  X  T  =  O  A  =  m.  Then  T  B  will  bo  a  tangeat  tl 
the  catenary  at  B,  and  will  be  equal  in  length  to  the  arc  A  Brrii 

Through  B  draw  BN  perpendicular  to  BT,  cutting  OXpw 
duced  in  N  J  B  N  is  ecprnl  to  the  radius  of  curvature  at  tfa 
point  B. 

III.  The  mechanical  ppopfij-tica  of  the  catenary  are  as  follows : — 

Letpbo  the  weight  of  an  unit  of  length  of  the  chain  (as  one  foot 

?         _  -?  ■ « 

*  The  runctioni  e  -  and  <      ■•,  or  the  KaptritM  Anti-lofforitkm  of—  and  ilim^ 

rocal,  are  most  easily  cAlciikteti  by  means  of  a  table  of  Naparian  or  bypcrtt^ 
•nti-logarithms,  or,  in  its  abfencc,  by  a  Ubie  of  hyperbolic  logarithm*.  Dat'ibosld 
table  of  common  togaritbnu  or  anU-iogaritbroa  alone  be  at  hand,  the  followiog  fonaiil 
b  to  ba  naed : — 


•1313    « 


=  10 


'uewVj. 


ontal  tension  at  A ;  P,  the  vertical  load  between  the 
'  B ;  £,  the  tension  at  B.     Then 

R=^lFTT5=py; (2.) 

I  pttmmeter  represents  a  length  of  chain  whose  weiglit  ia 
>  Htm  hoiizontal  tension ;  and  the  ordinate  X  B  =  y  at  any 
(|n«sents  a  length  of  chain  whose  weight  is  equal  to  the 
at  that  point. 

Problem. — Given  two  points  in  a  catenary,  and  the  length  of 
tween  them  ;  required  the  remainder  of  the  curve. 
tbe  the  horizontal  distance  between  the  two  poiutis,  v  their 
M  of  level,  /  the  length  of  chain  between  thenj.     Those 
lantities  are  the  data. 

imknowu  quantities  may  be  expressed  in  the  following 
: — Let  X|,  yj,  bo  the  co-ordinates  of  the  higher  given  point, 
be  arc  terminating  at  it,  all  measui-ed  fiwm  the  yet  unknown 
>f  the  catenary,  and  x,,  yo,  s^,  the  corresponding  quantities 
lower  given  jxjint 

the  parameter  m  is  to  be  found  by  a  series  of  approximations 
•  following  equation: — 

^m  (ek  —  g-  r«V  JP^v^; (3.) 
of  the  vertex  horizontally,  by  either  of  the  equations, 

m  •  hyp.  H-fZ^  +  *) ;  a-,  =  2  ("*  •  hyp.  log.  j^ — *) ;  (*•) 

fepooiion  of  the  veitex  vertically  by  calculating  y  from  x 
m  either  of  the  given  points. 

part  of  a  catenary  in  the  neighbourhood  of  the  vertex 
but  little  in  figure  from  a  parabola  whose  focal  distance 
2,  half  the  modulus  of  the  catenary;  and  in  calculations  for 
1  purposea  within  cei-tain  limits,  the  pai-abola  may  be  used 
of  the  true  catenary,  its  equation  beuig  more  simple. 
low  the  amount  of  the  difference  betweeu  those  curves,  the 
ig  comparison  ia  given,  in  which,  instead  of  the  finite  equa- 
ble catenary,  an  inGnite  converging  series  ia  substituted. 
linaie  ia  supposed  to  be  measured  from  the  point  O  in  fig. 
the  distance  m  below  the  vertex. 


°'^**°^'2'  =  "^0  +  2^2  +  -2^ 


afl 


■)■' 
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Slope  of 
the 


Area  of 
the 


Length 
of  the 


ax      m\        om*     120  m*  / 


Parabola ;   -~  r=  — : 
ax      m 


Parabola;  ji/dx  =  mx{l+j — j  j; 
Catenary;  ,  =  «  (l +  ^,+ j^^+Ac); 


Parabola 


J  »  =  «  ^ 


1-f 


a^ 


tt* 


40 


&cY 


^ 


It  is  to  be  borne  in  mind  that  the  quantity  denote<l  by  w  5 
theae  formidse  is  double  of  that  denoted  by  m  in  Article  125. 

The  following  table  exemplifica  their  results  for  th«  caae  x  si 
-r.3:— 


Ordiimfco 
=  mX 

Slope. 

z=mxX 

=  JX 

Catenary, 

Parabola,  .... 

1 '0,1561 
1-0556 

0-3395 
03333 

1-0186 
1-0185 

1-0186 
I -01 8  J 

Difference,... 

O'ooo5 

0*0062 

O'COOI 

0-0004 

The  CaicBBiT  of  Vairom  sireagih  is  the  figure  assumed  bj  1 
Floadt'd  in  any  manner,  -whose  sectional  area  at  each  point  ia 
'tional  to  the  tension.     The  figure  assamed  by  such  a  cha 
loaded  with  it«  own  weight  only,  was  inTC3tif,'ated  by  ~ 
Gilbert,  in  a  jmper  pxibli.slied  in  the  Pldlo/iophical  Trar 
1 1826.     The  Reverend  Canon  Moseley,  in  hi.s  Mechanics  > 
ing  find  Architecture,  has  investigated  the  ligure  of  the 
I  equal  strength  when  the  chain  is  loaded  with  suspending 
Jft  iilatform,  as  well  as  with  its  own  weight.    The  resulting  ec 
I  are  of  great  complexity  when  in  their  exact  form  ;  btjt  Mr. 
[  Rhows  that  in  those  cases  which  occur  in  practice  the 
|f(>rms  a  close  approximation  to  the  true  curve,  as  it  does  in 
|f»l'  the  common  catenary. 

Under  the  head  of  "  Stnictiirea  in  Iron,"  it  will  be  rhown  1 
Qscftil  in  pnicticn  tn  take  into  aooouut  the  pecoUaritiMi^ 
rj  of  uuil'orm  strength. 


T&AXSFORUAriOH   OF  FBAHES  AKD  CHAINS. 


toe  mttimritj  •£  a  Flrzilile  Btractnrr.     (^.  M.,  176.) — Tn 

case  in  which  a  perfectly  flexi>»Io  structure,  such  as  a  cord, 

in,  or  a  funicular  polygon,  is  loatled  with  weights  only,  tho 

I  of  stable  equilibrium  in  the  structure  is  that  which  coiTea- 

to  the  lowest  possible  position  of  the  centre  of  gravity  of  the 

loa4L     Thb  principle  enables  all  problems   respecting  the 

iiun  of  vertically  loaded  flexible  structures  to  be  solved  by 

of  tho  "  Calculus  of  Yariations ;"  but  it  has  not  hitherto  beea 

applied  to  practical  questions. 

^).  Tralur«nmUloB   •{  Wwumtm  muA   CkmlMh    {A.M.,  1C6.) — The 

ciple  explained  in  Article  101,  p.  150,   of  the  transformation 

set  of  lines  represjenting  one  balanced  system  of  forces  into 

ber  set  of  lines  representing  another  system  of  forces  which  is 

ihakDoed,  by  means  of  what  is  called  "  I'auallel  Pbojection," 

applied    to  the    theory  of  frames,  takes   tho    followiug 

I  Jram$  tchoae  lines'  of  resistance  constitute  a  given  figure,  he  hal- 

\  mdtr  a  st/sttm  of  external  forces  represented  by  a  given  system  of 

will  a  frame  whose  lines  of  resistance  constitute  a  figure  which 

lei  projection  ofOte  original  figure,  be  balanced  under  a  system 

reprticnted  by  the  corresponding  parallel  projection  of  Ike  given 

'  Unes;  and  the  lines  representing  tlte  stresses  along  the  bars  of 

'  frame  vaiU  be  the  corresponding  parallel  projections  of  the  tints 

'ng  the  stresaea  along  the  bars  of  the  original  frame, 

the-jrcm  enables  the  conditions  of  equilibriiun  of  any  uu- 

Btricnl  frame  which  happens  to  be  a  parallel  jirojection  of  a 

letrical  frame,  to  be  deduced  from  the  conditions  of  equili- 

of  tl»e  symmetrical  frame. 
lie  principle  of  transformation  by  parallel  projection  is  applica- 
'  to  c>ntiTmously  loaded  chains  as  well  as  to  polygonal  frames. 
F'-  ,  the  bridge-chain  with  Bloping  rods  of  Article  126, 

^  I  be  treated  as  a  parallel  projection  of  a  bridge-chain 

wisii  ..  i:i,    I  rods,  made  by  substituting  oblique  for  rectangular 

Igebraical  expressions  for  the  alterations  made  by  parallel 

u  in  the  co-ordinates  of  a  loaded  chain  or  cord,  and  in  the 

■  pli'X  i  to  it,  are  as  follows  : — 

.  original  figure,  let  y  be  the  vertical  co-ordinate  of  any 

M-1  X  the  horizontal  co-ordinate.     Let  P  l>e  the  vertical  load 

. .....  l)ctween  any  point  B  of  tho  chain  and  its  lowest  point  A  j 

dP 
P=  J—  be  ita  intensity  per  horizontal  unit  of  length  ;  let  H  be 

■  'horizontij  component  of  the  tension;  let  R  be  the  tension  at 
t  R 
;«  that  in  the  transformed  fi^iro,  the  vertical  ordinate  y, 


dib 
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and  the  vertical  load  V',  which  is  represented  bv  a  vertical  line, 
uochaoged  in  length  and  direction,  bo  that  we  nare 

y'  =  y;  F  =  P; (L) 

but  for  each  horizontal  co-ordinate  x,  let  there  be  substita' 
horizontal  or  oblique  co-ordinate  a/,  inclined  at  the  angle  j 
horizon  (which  may  be  =  0),  and  altered  in  length  by  the  coi 

ratio  ~=a.     Then  for  the  horizontal  tension  II,  there  wf 

X 

BTibstitutcd  a  horizontal  or  oblique  tension  H',  )>araUel  to  x,  m 
altered  iu  the  same  proportion  with  that  co-ordinate ;  that  is  to 

«'  =  aa;;H'  =  oH (2.) 

The  original  tension  at  B  is  the  resultant  of  the  vcTtical  lofld 
ami  the  liunMntal  tension  H.  Let  K  be  its  amount,  and  i  it> 
climitluu  to  II;  then 

R  =  ^Pq^*;....: (3L) 

and  the  ratios  of  those  three  forces  are  expressed  by  the  proporticv* 

P  :  H  :  K  ;  :  tan  t :  1  ;  seci  :  :  sin  »:  cost :  1 (4.) 

1/et  R'  lie  the  amount  of  the  tension  at  the  point  B  in  the 
structure,  corresjxinding  tti  B,  aud  !<it  i'  be  its  inclination  to 
horiaonlal  or  oblii^uo  co-ur(Hitato  x;  then 

R'  =  v/(r'2  +  H'2=fc3FH'8in» (5.) 

F  :  H' :  R' :  :  sin  t' :  cos  {i'z±:j):  cosj. (fi.) 

The  alternative  signs  =^  are  to  be  used  according  as  t"  ind/j 

{Sr}  '°  direction. 

The  intennty  of  the  load  in  the  transformed  structure  per  unita^ 

length  measured  along  d  x",  whether  horizontally  or  obliquely,  a 

.      dV     p 
^=J^-a' ^-^ 

and  if  aj*  be  oblique,  and  the  intensity  of  the  load  be  estimated  per 
nuil  of  horizonicU  lengVi,  it  becomes 

«'8CCJ=  — ^ — ,.,., ....(i) 

*^       ''      a-cosj  ^  ' 

131.  The  Tnuiaforwed  rateaarr  fumiBhes  a  good  oxamplc  of  thi 

transformations  of  chains,  being  derived  by  parallel  projection  bm 

'the   common   catenary.     It  has  already  been  stated  (see  Artide 

\28,  equations  1)  that  in  the  common  catenary  the  area  O  ABX, 
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113,  19  proportional  to  the  arc  A  B,  being  equal  to  a  rectangle 

B  are  respectively  the  modulus  ni  =  O  A,  and  a  straight 

to  the  arc  A  B.     Hence  the  common   catenary  is  the 

of  equilibrium  far  a  chain  supporting  a,  load  whicli,  whether 

T\<z  from  its  own  weight  alone  or  from  other  weighta  also,  ia 

aftl  ujM>u  any  given  arc  A  B  of  the 

■  the  ftix-a  enclosed  between  that  arc, 

two   ordinates   A  O  and  B  X,  and  the 

O  X,  which  is  at  the  depth  m  below 

Tertex ;  the  intensity  of  the  load  at  any 

it  B  being  proportional   to  the  ordinate 

B  X     This  condition  of  the  chain  may  " 

resented  to  the  mind  by  conceiving  the  ^^" 

'  load  to  consist  of  the  weight  of  an  uniformly  thick  sheet  of 

uniformly  heavy  substance,  bounded  above  by  the  catenary 

below  by  the  straight  line  O  X.     Let  to  denote  the  weight  of 

mait  of  area  (say  a  square  foot)  of  that  sheet;  then  in  the  Com- 

■  Catenary, 

the  horizontal  tension  H  =:  to  •  O  A-  ^  w  m^ ; 

intensity  of  the  load  at  B=:^^  try  =:—^  (e*  +  c~")i 

Jk  load  between  A  and  B  =  F:=U7*0  AX  B:=U7/ 2/ c2a;   \n\ 

«l«  tenajon  at  B  =  JF»TH2  =  w  ffi  y  =  *^^  (e -+ e^  "  Y 

Xow  sujjpose  a  curve  to  be  made,  jmch  as  is  represented  by  o  6  in 
<f.  113,  by  preserving  the  horizontal  abscissa  of  each  point  in  the 
dttis,  but  altering  its  vertical  ordinate  in  a  constant  ratio;  so 


\ 


(2) 


OA:Oa:  :XB:X6; 
denoting  O  a  by  y„  and  X  6  by  y' 

*n  :  y,  :  :  y  :  y'j 

Then  the  new  curve,  or  Transforjced  Catenary,  ab,  is  the 
fbna  of  equilibrium  for  a  chain  so  loaded  that  the  load  on  any  arc 
a  I  i6prof»ortional  to  the  area  0  a  &  X,  and  the  intensity  at  the  point 
i>  to  the  ordinate  X  b.  In  the  tranaformed  catenary  all  the  hori- 
Xonttd  forces  remain  the  same  as  in  the  original  catenary ;  while  all 
thi  vertical  forces  are  altered  in  the  ratio  y,:m;  that  ia  to  say, 
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The  horizontal  tenaion  H*  =:  H  ^  av  «^; 

the  intensity  of  the  load  at  6  =jp' =  Iff  y = '!J^(«"^+«'~  ■); 

the  load  between  a  and  6  =  F  s=  fo  fj^dm 

the  tension  at  b  =  ,y  F«+H«.  J    I 

In  the  course  of  the  application  of  these  prinoiplea^  the  ftOsd 
pix)blcin  may  occur: — given,  the  cftreefrta;  O X,  the  vtriu%9f\ 
cfuiin,  and  a  paint  of  support  h',  U  ia  required  to  eomjpltle  tk$  ff 
of  the  chain.  For  this  purpose  it  is  necessary  and  sufficient  to  I 
the  modulus  m,  which  is  done  by  means  of  the  following  find 
let  f/o  =  O  a  be  the  ordinate  at  a,  y  the  ordinate  at  the  poiit 
6upi)oi-t,  X  the  hoi'izoutal  distance  OX;  then. 


7;i  = 


hv^log-^+Vg-l-) 


•W 


The  princiixil  use  of  the  transformed  catenary  is  as  a  fignra  I 
aivlios.     (St.'e  the  next  Article.) 

132.    I^inenr   Archca  or  Riba    In   geaeml— Thdr    Trwft— ** 

(.1.  J/.,  178.) — Conceive  a  cord  or  chain  to  be  exactly  inverted,! 
that  the  load  a})plied  to  it,  unchanged  in  direction,  amount, « 
<li.stribution,  shall  act  inwards  instead  of  outwards;  suppose,  forlke 
that  the  cord  or  chain  i.s  in  some  manner  stayed  or  stiffened,  «< 
to  enable  it  to  presen-o  its  figure  and  to  resist  a  thrust  j  it  4* 
becomes  a  linear  arch  or  equUibraied  rib  ;  and  for  the  pull  at  *" 
IH>iut  of  the  original  chain  is  now  substituted  an  exactly  ffl 
t/inisi  along  the  rib  at  the  corresponding  point. 

Linear  arches  do  not  actually  exist ;  but  the  propositions  re^ 
iiig  them  are  applicable  to  the  lines  of  resistance  of  real  arches  « 
arched  ribs,  in  a  manner  which  will  be  explained  in  treating 
ina,sonry. 

All  the  propositions  and  equations  of  the  preceding  Artii^ 
ri's|H!cting  cords  or  chains,  are  api)licable  to  linear  arches,  K 
Htituting  only  a  thrtut  for  a  pidl,  as  the  stress  along  the  liM 
nwistance. 

The  principles  of  Article  123,  p.  185,  are  applioaUe  to  Vn 
nrchcB  in  general,  with  external  forces  applied  in  any  direetion. 

The  principles  of  ArUolea  12i,  125,  lliti,  130,  and  131,  ppu  l8i 


t2,  ftre  applicable  to  linear  arches  under  vertical  loads ;  and  in 
K^  arches,  the  quantity  denoted  by  H  in  the  formulae  represents  a 
t  ihriat,  in  a  direction  peq)endicular  to  that  of  the  load. 
The  form  of  eqiiilibrium  for  a  linear  arch  under  an  uniform  load 
aparafto&i,  "^'"'^"'•  to  that  described  in  Article  125,  p.  188. 
In  the  ca»e  of  a  linear  arch  under  a  vertical  load,  the  word  «)i- 
is  used  to  denote  the  figure  of  the  arch  itself,  and  the  woi'd 
w,  to  denote  a  line  traversing  the  upper  ends  of  ordinates, 
upwardM  from  the  intrados^  of  lengths  proportional  to  the 
ities  of  the  load. 
Till-  njraro  of  equilibrium  for  a  Unear  arch  with  a  borizoni^ 
either  a  catenary  or  a  tran-sfomied  catenary  inverted ; 
viationsof  Article  131  are  applicable  to  the  determinatioa 
ie  and  of  the  forces  which  act  in  it,  w  being  taken  to 
Li.e  weight  of  so  much  of  the  loading  material  as  is  contained 
aquare  foot  of  the  area  between  the  extrados  O  X,  fig.  113, 
tlis  intrados  A  B  or  a  b.     This  h  what  is  called  by  most 
ffA^"**^^  WTiterB,  an  "  equilibrated  nrch." 

Hm  principles  of  Article  130,  relative  to  the  transformation  of 
lib  tad  cliiiina,  are  applicable  also  to  linear  arclics  or  ribs.     This 
yfjeci  will  be  further  considered  in  the  sequel. 

US.   C!lre«lar  Rib  fmr  Flidd  Prr««ar«.     (.4.    if.,    179.)— A   linear 

to  resist  an  uniform  normal  pressure  from  without,  should  be 


In  fig.  114,  let  A  B  A  B  be  a  circular  linear  arch,  rib,  or  ring, 


rig.  114- 

♦lr>sr  centre  is  O,  pressed  upon  from  without  by  a  normal  pressui-e 
fif  imif<^<rm  intensity. 

In  order  that  the  intensity  of  that  pressure  may  be  conveniently 
evpressed  in  units  of  force  per  unit  of  area,  conceive  the  ring  in 
«}M*lJon  to  represent  a  vertical  section  of  a  cylindrical  shell,  whose 
wigth.  in  a  oircction  perpendicular  to  the  plane  of  the  figure,  is 
vbt  foot  Ijf^  p  denote  the  intensity  of  the  e.vtemal  pressure,  ia 
U  on  the  square  foot;  r  the  ludiua  of  the  ring  in  feet;  T  the 


■ 
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thrust  exerted  roand  it,  which,  because  its  length  is  one  foot,  t 
thrust  in  lbs.  per  foot  of  length  of  the  cylinder ;  then, 

T=pr (1.) 

that  is  to  say : — the  thrust  round  a  circtdar  ring  under  an  uni/« 
normal  'prtatsure  is  t/ie  product  qf  tfie  pressure  on  an  unit  o/ciram 
f/erence  by  tlie  radius. 

The  uniform  normal  pi-essune  />,  if  not  actijally  caused  hy  t]t 
tbrusb  of  a  lltiid,  is  similar  to  lluid  pi-cssun};  and  it  is  equivalents 
a  pair  of  conjugate  prpssures  in  any  two  directions  at  riglit  angl 
to  eitch  other,  of  equal  intensity.     For  exani[)lo,  let  x  be  vertical, 
horizontal,  and  let  p„  p^,  ho  the  intensities  of  the  vertical  and  hot 
zontal  praesure  respectively ;  then 

r.=p,=p; 

and  the  same  is  trtie  for  any  pair  of  rectangular  prcs^^ures;  aodi 
V  be  the  total  vertical  pressure,  and  H  the  total  horizontal 
sure,  exerted  upon  one  qu:uli-aut  A  B  of  the  circle,  we  have 

n  =  P  =  T=;jr (3. 

134.  ElllpllCBl  Rlba  for  l.iairarin  Prcunroh  {A.  M.,  180.)— If 
linear  arch  has  txi  sustAin  tlio  prcs-surc  of  a  mass  in  which  tlM 
tjf  conjugiito  thruKts  at  each  jxtiiit  are  uiiiformia  amount  anddl 
tioji,  litit  not  equal  to  each  othi-r,  all  the  forces  acting  pavalld 
liuy  giviin  dii-ection  will  bo  altered  from  tbo.se  which  act  in  ;i  linn 
itui-sd,  by  ft  given  constant  ratio ;  so  that  they  may  l>e  r^ 
by  parallel  premiums  of  the  lines  which  represent  the  li  : 
act  in  a  fluid  mass.  Hence  the  figure  of  a  linear  arch,  which  n»- 
t.-uns  siirh  a  system  of  pressures  as  that  now  considered,  mast  be 
pamlk'l  projection  of  a  circle ;  that  is,  an  ellipse.  To  invi 
the  relations  which  must  exist  amongst  the  dimensions  of  an  ellip^ 
linear  arch  under  a  fiair  of  conjugate  pressures  of  uniform  intenal^, 
let  A'iJ'  A' K,  B"  A "  B",  in  lig.  114,  represent  elliptic  ribs,  trans" 
fftrmed  from  the  circular  rib  A  B  A  B  by  parallel  projection,  Uw 
vertical  dimensions  being  unchanged,  and  the  horizontal  dimi 
either  e,xp.indcd  (as  B"  B"),  or  conti-acted  (as  B'B'),  in  a  gM 
uniform  ratio  denoted  by  c;  so  that  r  shall  be  the  vertical  andtff 
the  horizontal  Bemi-axisoftbe  ellipse;  andifx,  y,  be  respectively tk«^ 
■vertical  and  horizontal  co-ordinates  of  any  point  in  the  circle,  and 

ta/,  y',  those  of  the  oorresjwnding  point  in  the  ellipse,  we  shall  haw 
fl^ssas;  j/:=cy (L) 
If  C  C,  I)  D,  be  any  pair  of  diameters  of  the  circle  at  right  aogia 
to  each  other,  their  projections  will  be  a  pair  of  conjugate  dJameten 
t>f  the  ellijise,  as  C'C,  D'D';  that  is,  diameters  ^ich  of  which  i» 
MxalieJ  to  a  tangent  at  tiie  end  oi  l^Q  otiCAi. 
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the  total  vertical  pressure,  and  H'  tbe  total  Iionzontal 
on  one  quadrant  of  the  ellipse,  as  A'  B',  or  A"  B" ;  P  is 
1  TerticaJ  thrust  on  the  rib  at  B'  or  B",  and  H'  the  hori- 
!t  at  A'  or  A", 
the  principle  of  transformation, 

r  =  T  =  T=pr;      >  ., 

H'=cH  =  cT  =  cpr;/ W 

thrusts  are  at  the  axes  to  which  they  are  parallel, 
ther,  let  P'  be  the  total  pressure,  parallel  to  any  semi- 
|v  of  the  ellipse  (as  0'  D'  or  0"  1)')  on  the  quadrant  D'  C  or 
■rhich  force  is  also  the  thrust  of  the  rib  at  C  or  C,  the 
Bty  of  the  diameter  conjugate  to  0'  D'  or  0"  D"j  and  let 
MrO*D'=:r':  then 


mUi 


F'=^P=pr';. 


.(3.) 


'  thruits  art  aa  th«  aemtdiamelers  to  which  they  are  parallel. 

t,  let  p'^  p'^  bo  the  inietidties  of  the  conjugate  vertical  and 

itol  pressures  on  the  elliptic  arch ;  that  is,  of  the  "  principat 

."  (Articlea  109,  112.)    Each  of  those  intensities  being  found 

"  jg  the  corresponding  total  pressure  by  the  area  of  the 

[^hich  it  is  normal,  they  are  given  by  the  foUowiug  equa- 


,       P      77      ,      H' 


(4.) 


intensities  of  the  principal  pressures  are  as  the  squares  of 
Id/'  tlte  elliptic  rib  to  which  they  arc  parallel. 
,  to  ada])t  an  elli]itic  rib  to  uniform  vertical  and  horizontal 
t9»  the  ratio  of  the  axes  of  the  rib  must  be  the  square  root  of 
[of  the  intensities  of  the  principal  pressures ;  that  is, 


OB' 
OA 


>='=v;;v 


.(5.) 


itemal  pressure  on  any  point  D*  or  D",  of  the  elliptic  rib 

"  towards  the  centre,  O"  or  O",  and  its  intensity,  per  unit 

tbe  plane  to  which  it  is  conjugate  (0'  C'  or  O'  C"),  is 

the  following  equation,  in  which  r"  denotes  the  semi- 

(O-  Jy  or  O"  D")  parallel  to  the  pressure  in  question,  and 

ijugate  aemidiameter  (0'  C  or  0"  0") : — 


P=^  =  P 


r> 
r"' 


(6.) 


■    til 

"      at 
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that  18,  the  inlentity  of  the  pressure  in  the  direction  of  «  ; 
diameter  it  directly  at  uiat  diameter  cmd  invertel^  at  the  conj 
diameter. 

Let  p"  be  tho  intensity  of  the  external  pvasxiro  in  the 
of  the  eemidiameter  r".     Then  it  is  evident  that 


P  -P 


:  :f^ 


at  is,  the  itUetuitiet  of  a  pair  of  conjugate  preuuret  are  to 

the  tquaret  of  the  conjugate  diametert  of  the  elliptic  rib 
they  are  respectively  parallel. 

135.  DUMtted  KlUpUe  Rib.  {A.  M„  181.) — To  adapt  an  el] 
rib  to  the  KusUiiiiiug  of  the  jiressure  of  a  luoaa  in  which,  whil 
ntfttc  of  stit'SH  is  uniform,  tho  itressiiro  coujtigate  to  a  vertical 
•UFO  i.4  not  horizontal,  but  inclined  at  a  given  angle  j  tc 
horizon,  tlio  fignre  of  the  o]Ii[we  must  bo  derived  from  that 
circle  by  tlie  substituliou  of  inclined  far  horizontal  co-ordinate 

In  lig.  llo,  let  13 AC  be  u  Hcmieircular  arch  on  which  thi 
tonml  |UT«euix«8  are  normal  and  uniform,  and  of  the  intensitj 
uefoix' ;  tho  radius  being  r,  and  the  thrust  round  the  arch,  and 
on  H  quathiuit,  being  as  before,  P  =  H^T=:/)r.  Let  D  be 
ptiint  in  tho  circle,  whose  co-ordinates  are  vertical,  O  E  =x,  ] 
zoiitiU,  E  Lj  =r  y.  Let  B'  A'  C  be  a  Bemi-elliptic  arch,  in  whidj 
vertical  onlinatcs  are  tho  same  with  those  of  the  circle,  whil 


T\g.  116. 

each  horizontal  ordinate  is  rubstituted  an  ordinate  in 
hoiizon  by  tho  constant  angle  j,  and  bearing  U>  the 
horizontal  ordinate  of  the  circle  the  contant  ratio  c ; 

let 


ndlM^I 


kfor  tho  vertical  seinidianieter  of  the  circle  O  A  =:  r,  wil 
Kuted  thrt  equal  vertical  semidiameter  of  the  ellipse 
or  the  hoiizontal  8eiiudiaiae\,«t  ol  \3toi  oxdwi  <i 


pwcyb 
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itnted  tlie  inclined  semidiameter  of  the  ellipse  O*  B'  =  c  r^ 

,  w  €t»^*igate  to  the  vertical  semidiAuctex. 

foroes  applied  to  the  elliptic  urch  are  to  be  resolved  into 

and  inclined  coui{>onents,  parallel  to  O'  A'  and  C  B',  instead 

And  horizontal  comixsnents.     Let  P  denote  the  total 

pressure,  and  H'  the  total  inclined  pressure,  on  either  of 

jptio  qaadranta,  C  A',  A'  B ;  H'  is  also  the  inclined  thrusti 

I  arch  at  A',  and  P'  the  vertical  thrust  at  B  or  C.     Then 


F  =  P  =  pr;  1 


(2.) 


to  flaj,   tiiose  forces  ore,   as  before,  proportwnal  to  Uvs 

to  which  they  are  paralld. 

j/,  be  tlie  inttMisity  of  the  vertical  pressnre  on  the  elliptic 

»r  unit  of  area  of  iho  inclined  plane  to  which  it  is  conjugate, 

f  J  let  p'^  be  the  intensity  of  the  inclined  pressure  per  unit  of 

,  of  the  vertical  plane  to  vrhich  it  is  conjugate ;  then 


ep; 


-Vfc 


.(3). 


Lt,  as  b^'fnre,  Ute  trUennlia  of  the  conjugate  preamtres  are  as  tJie 
ti/ifters  to  which  Uiey  are  parallel. 
r  tlie  arch  at  any  point  D'  is  as  before,  propoiidonal 
iietor  conjugate  to  O'  D'. 
..  _ .  Luetinics  convenient  to  express  the  intensity  of  the  verti- 
prcGBore  j)er  unit  of  area  of  the  horizontal  projection  of  the  space 
r  which  it  is  distributed  j  this  is  given  by  the  equation 


p,*8ecj  = 


P 


cos  J 


.(4.) 


It  L»  to  be  borne  in  mind  that  this  is  not  the  pressure  on  unity 
area  of  a  horizontal  plane  (which  pressure  is  invei-sely  as  tho 
t<»l  diameter  of  the  ellipse,  and  directly  as  the  diameter  con- 
to  that  difimt'ter,  to  which  latter  dieuneter  it  is  parallol),  but 
:urea  of  a  plane  inclined  at  the  angled,  whoso 
\'.h  unity. 
lolloping  gi  '^^onstmction  serves  to  determine  the 

ijor  and  miiKir  ux'  llij«e  B' A' 0'. 

and  =  O'  A' ;  join  B'  a,  which  bisect  in  vi ;  in  B'a 

*'■ ' 's  take  mp-m  q  =  0'  m',  join  O' p,  O' q)  these 

jiendioiilur  to  etvch  other,  are  the  directions  of 

11.  ■  iiniine,  and  the  lengtlis  of  those  axes  are  respectively 

0  bcgmoata  of  tho  lino//  q,  viz.,  B!p  =  aq,  B'g  =  ap. 


|l)raw  L>'(» 

Jm 1         l,..tl 


IW 


Hf 


XinXIAU  XXDI 


mtkt 
and 


tlMBlMir 


of  tku  aolutioti: — ] 
of  the  ellipse. 


(&) 


TheaacI*  .^firCXj^  vUeh  the 
•rCrB-.hfiMUMlbjtlM 


•xis  BAkoi  with  th 


-o'-.va:^^-cV(?^o^c-> 


n  tlal  axil  b  the  looger      • the  dtortar; 

136.    KMm  Ci»  nm^^mt  rill   ■■■      ■millli  ARk.     (A.  M.,  1 

319  jl) — ^Ihe  eeoditjoa  «€  a  Uacar  arch  of  aaj  figure  afta^ 
i  mlknt  the  pw—gaia  ■onaal,  ia  ri»ilar  to  that  of  a   ' 

i  the  fcHowiue  fdadpla: — At  Anmt  at  any 
mmmiftitd  tfrnrHia  Aa  awidbrf  »f  At  rmdmn  afemrmUnn  if 
liiiwirtj^llaF— !■■;  that  H  aeoolaog  the  ladiiia  of 
tnr  ei  the  Bonnl  |iii— iiu  p«r  vHft  of  loiBth  of  cvrre  hj  j»,  and  (bj 
thnritbyT, 

T-p< -..-a) 

It  ta  fiother  eviikat,  thst  ^fft* /ranm  fa  aonMl  a(  an 

~  •  rak,  the  thrmk  aoifc  be  eeaalHBft  at  cvaj  potsl ;  &r  it  em 

only  bjr  the  applinatina  of  a  ta^gBBlal  ffaiaiii  Id  the  ankf 

Iftt  retfm  tfetmratmv  wmut  it  mmndjf  •*  At  mm 

luaiatheeeaeiBthe  HTMKMranc  ABa;vhichia 

•  anted  ior  atMtaiuBg  wwal  jgewtan  at  each  poaak 

Ska  that  «f  A  Kipui  «  nyiw,  to  the  dc|itk  Mw  • 


1  aa  vaitatare  at  a  ^iiui  paint  in  the  hjursalailMl  1 
;  ntenely  pw»|Mrliunal  to  the  iiilf  ■■tj  «rf  the  pw 

to  the  depth  bekv  the  honaoslal  plMt  I 


fif^  llfi, let  TOYtcptcBoit^ level aiKfr^frMvlichail 
I  ataa  vufofaftiatedovannria,  aeaa  to  he  I 
I  of  a  Bqaid  having  iti  upper  aorfiee  at  T  O  T 

A  n^  the  orfvb  of  the  hjnraafcatac  avch,  Dcii^  tae  iibh^  ' 
wnmt  the  lef«l  aiihta,  aai 
jaHnartea  be  wiawiiiil  fi—  thepaiatOhithel 
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Unate,  and  O  Y=  X  0  =  y  the  hormmtal  ordinate,  of  any 
the  arch.     Let  O  A,  the  least  depth  of  the  arch  below 


Fig.  116. 

^OTface,  be  denoted  by  x^,  the  radius  of  ourvatiu«  at  the 
by  (ff,  and  the  radios  of  curvature  at  any  point,  C,  by  ^. 

■jc  weight  of  an  unit  of  volume  of  the  liquid,  to  whose 
aad  on  the  arch  is  equivalent.     Then  the  intensities  of 
Dornial  pressure  at  the  crown  A,  and  at  any  point,  G, 
respectively  by 
Po=U7a^;  |>  =  ioa. (2.) 
Tng  the  nb,  which  ia  a  oontitant  quantity,  is  given  by 
Eion 
T  =Po  fo  =  "'^0  eo  =P  e  =  wa;  j; (3.) 
ch  follows  the  following  geometrical  equation,  being  that 
I  characterizes  the  figure  of  the  ai-ch ; — 

k*e  =  ^ofo- (3.) 
Xq  and  fj  are  given,  the  property    -2C. 

ring  the  radius  of  curvature  iuvei-sely  ^,,.-^- [j^ 

trtional  to  the  vertical  ordinate  from 
en  horizontal  axis  enables  the  curve 
drawn  approximately,  by  the  junction  jji 
lumber  of  short  circular  arcs,  as  in  fig. 
the  radios  of  each  short  arc  being 
acly  as  the  mean  depth  of  that  arc 
r  O  Y.  The  curve  is  found  to  present 
smblanco  to  a  trochoid  (with  which, 
it  is  by  no  means  identical).  At 
point,  B,  it  becomes  vertical, 
rhich  it  continues  to  turn,  until 
imes  horizontal;  at  this  point 
spth  below  the  level  surface  is  grcittest, 

radius  of  curvature  least.     Then  Fig.  117. 

J,  it  forms  a  loop,  crosses  its  former 

{and  proceeds  towards  E  to  form  a   second  aioh  BUnillK^ 
p 


;:.-::;r.    _^   ^    i— \.':l.-  g  ^r  :iie  JKon    if  ja  Kca:  iad  da:  t 
p.  r-j  =.  -_-i-  --  ii>re^  -ie  ^mp  -rose  ^ii»  enr^  fa  v«=rual, 

I>r  r..  /..  M  -itf  .-  -j*ii:i:ire3  Ji  -ie  Toimr  BL     Thtt  T^rdcal  la 


''-' (*■) 


uiii  -iia  'zamz  sosaiaad  "^y  "Utf  siirxsc  T  -jf  ■ate  arch,  at  S^  miut  I 
v."!iu.  u  ^ius  'SiTTis:  TOisiiM  d-'ijjw^  'ihtf  etztmsiuiL 

-».     . 

* ;  =  ^  *  =  ■  ,*<**» (5.) 

Tie  T^rical  j:a.i  izii-r-i  xzj  p:iz.T.  C.  la 

?  =  r     'r  J  y  =  T  5ia.i: (&) 

i  'v?;r.g  th,^  :r.clfi:ad:=.  ::  •i«r  arcc.  :o  ie  toriain. 

Tim  hirii'-ttal  ei^er^al  rrsssure  az&ix:^  die  semi-arch  firom  Bto 
A  >.  *.?.*  .'AEie  ■'"^".i  th-*:  cr.  a  Teracal  plane^  A  F.  immencdini 
l>^r.ifl  of  zLe  sp«i£':  zravitj  ur.  •wiza.  ks  upper  edge  at  the  depth  J^ 
wiow  tfc^  ii-:riic*  ''=e*  Arrlole  107.  p.  166 ' :  and  it  Is  balanced  by  th» 
thrust  T  at  the  crown  c:  the  azch,  so  that  its  amount  id 


H  =  ic/    pdx=v:--^*  =  T=p^ (7.) 

KqtiatioQ  7  givea  for  the  value  of  the  vertical  tangent  orisoff^ 

xj  =  Jjcl+'2xoU- (6.) 

T}»',  liorizontal  external  presisure  between  B  and  any  pointy  C,  '* 
w|iim1  tf)  tho  pff^Ksiire  of  a  liquid  of  the  specific  gravity  w  on  ' 
vvrlical  piano  X  F  with  its  upper  edge  immersed  to  the  defftk 
A  to  tliat  iiB  amount  is 

wppdw  s=  w;  ^=^  =  T  ooBtL J(ji.) 

igiounttiflil  propertifls  of  the  figme  of  tiie  hjin 
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D  arA  €xpneaed  by  the  preceding  equatiooB  are  thus  susuued 
n  one  fcrmala, — 

=  ^ ^  (10.) 

2  ooa  t  ^      ' 


^*  ^q"^         aim  2 


!o  obtain  exact  expressions  for  the  horizontal  ccM)rdinate  y, 
on  TTfTrimnTn  thIuo  is  the  half-span  y^,  and  ako  for  the  lengths 
urea  of  the  curve,  it  ia  necessary  to  use  elliptic  functions.  Those 
totioms  are  so  little  studied  that  their  use  will  not  be  further 
iiere.  The  reader  is  therefore  i-eferred,  for  further  infor- 
t  point,  to  the  papers  of  M.  Yvon- Villarceaux,  in  the 
SawiTia  Hrangvn,  vol.  xiL,  and  in  the  Revue  do 
for  1845,  and  to  A  Manval  of  Apj^iad  Mechanica, 

leal  purposes,  the  following  approximation  is  in  general 

PlOBLKW. — Given  the  rUe  F  A  ^  a  and  ludf-apcm  F  B  :=  y.,  of 

mposed  hydrostatic  arch:  it  is  required  to  find  the   depth  of 

At^at  the  crown,  and  the  radii  of  curvature,  f^  p^,  at  the  crown 

lad  springing  B,  to  draw  the  arch,  and  to  compute  its  load  and 

nstw 

L  ekne  approximation  to  a;^  is  given  as  follows  :^ 


I 


Let  6  =  yi  +  g^— ;  then 
a* 


.(11.) 


%tn  obaenang  that  Cj=  OF^OQ+a,  we  find,  from  equation 

.    -  - 


2*0 

•i  —  to 


=  a-\- 


2{x^'{-a)- 


.(12.) 


FheBO  ndii  being  known,  the  figure  of  the  arch  con  be  drawn 
worimatffly  by  small   circular   arcs,   as  in  fig.    117,  already 


Ott  load  on  the  half-arch,  and  the  thrust,  which  are  equal  to 
kflitffeer,  art)  now  to  be  computed  by  equation  7,  p.  210. 
k  nwdinniml  mode  of  drawing  a  hydrostatic  arch  is  based  on 
tbat  its  figure  is  identical  with  one  of  the  "elutic 
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curves"  or  forms  assumed  by  an  uniformlj  stiff  spring  when  1 

I (il.  if.,  319a.) 
The  accuiticy  of  figure  and  unifonnity  of  etifiheas  of  a  sprinj 
to  be  ascertained  by  the  two  following  testn : — 
FirH,  the  spring  when  unstrained  should  be  exactly  atraighl 
Seotmdly,  when   bent>  into  a  lioop  by  pinching   the  t«M 
together,  it  shovdd  form  an  exact  ciivle.  ^| 

A  spiing  A  (fig.  118),  fuMliiug  these  conditions,  is  to  ^R 
ends  fixed  to  two  bai 
." 
the 


I 


Ffg.  118. 


B  and  D,  and  the  o 
ends  of  those  bars,  C 
E,  are  to  \m  pulled  dire 
awiudcr.  Then  the  atr* 
line  C  E  in  which 
forces  so  pulling  the  | 
are  exerted,  will  repre 


K 


the  upper  sui-face  of  the  loading  material,  and  the  spring  A 
assume  the  figure  of  the  corresponding  liydrostatic  arch,  i 
proportion  of  rise  to  sjmn  can  lie  obtained  by  varying  the  teol 
on  the  ends  of  the  bare,  and  the  jjroportiun  which  ^eir  leni 
bear  to  the  length  of  tin;  sf  iring. 

137.    Trmaarorraed  ItrdrAMailr.  or  Ocoslaile  Arck.    (.-l.  M.,  184. 

It  has  been  proposed,  by  tlii.s  Irnii,  to  denote  a  linear  arch  < 
figure  suited  to  sustain  a  pivssmre  siniilai"  to  that  of  earth,  wh 
(as  will  be  shown  iu  the  sequel)  conaistj*.  in  a  given  vertical  pit 
of  a  pair  of  conjugate  proiiwiux's,  one  vertical  and  ptroportiooil 
the  deptii  below  a  given  plane,  horizontal  or  sloping,  and  the  oti 
parallel  \a>  tlnA  horizontal  or  sloping  plane,  and  liearing  to  j 
verti<»l  pi-essiire  u  certiiin  constant  ratio,  depending  on  the  ii»t| 
of  the  materia],  and  other  circumstances  to  be  explained  wl\ 
sequel.  In  what  follows,  the  horizontal  or  sloping  plane  will 
called  the  conjugate  plane,  and  ordinates  parallel  to  its  liatt 
steepest  declivity,  when  it  slopes,  or  to  any  line  in  it,  when  i1 
horizontal,  conjugate  ordinates.  The  intensity  of  the  vertical  |H 
sure  will  be  estimated  pt^r  unit  of  area  of  the  conjugate  plana;  i 
tht'  pressure  parallel  ttj  the  lino  of  steepest  declivity  of  that  pk 
when  it  .slopes,  or  to  any  line  in  it,  when  it  is  horizontal,  will 
called  the  conjugate  pressure,  and  ita  intenaity  will  be  estimated  ] 
unit  of  area  of  a  vertical  plane. 

Let  /;,  denote  the  intensity  of  the  vertical  pressure,  and 
that  of  the  conjugate  pressure,  at  any  given  point,  Constn 
the  figure  of  a  hydrastatic  arch  suited  to  sustain  fluid  prew 
of  the  intensity  p^  Then  the  transformed  arch  ia  to  be  dm 
by  preserving  all  the  vertical  co-ordinates  of  the  hydrosti 
ArcZi^    and   changing  the  \iomoTv\a.\.  cc»-ovdinates   into  oonjugi 
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flinaJBB,    having    their    lengths    altered    in    the    oonstaat 

r'-Vf:- w 
1  the  case  of  traasfurmiQg  a  circular  into  aa  elliptic 
ia  Article  134  and  135. 
he  ladius  of  curvature  at  the  Bpringiiig  is  altered  in  the  ratio 

od  that  at  the  crowu  in  tlic  ratio  c^  :  1. 

et  P,  P,  be  the  total  vertical  loads  on  one-half  of  the  original 
tnasformed  half-arch  respectively;  H  ^  P  and  H',  their 
ectlTe  coDJagate  thrusts,  of  which  the  former  iB  hori2ontalj  aud 
latter  may  be  horizontal,  or  inclined  at  the  angle  /. 
hen  the  bulk  of  the  transformed  arch  with  its  load  is  altered  in 
ratio  of  c  coaj:  1  ;  and  if  the  new  and  transformed  arches  be 
■Ame  material,  we  find, 

H         P=rcco8j-P;  H'  =  cP'  =  c«co8/-P.  (2.) 

Ha  tAmtar  Arch  or  Bib  of  anf  Figure  (A.  M.,  185,  187),  under 
WmBol  load  distributed  in  any  manner,  being  given,  it  is  alwajrs 
iUe  to  determine  a  system  of  horizontal  or  sloping  pressures, 
Ji,  being  applied  to  that  rib,  will  keep  it  in  eqiiilibrio.  These 
may  be  called  the  Conjugate  Pressures. 

»only  case  which  will   here  be   given   in  detail  is  that  in 
he  conjugate  pressures  are  horizontal,  and  the  load  symmo- 
distributed  on  each  aide  of  the  crown   of  the  arch.   A, 
119. 

BOBLEM  I. — To  find  the  total  horizontal  pressure  against  thfr 
jclow  a  given  point  The  following  is  the  graphic  solution  of 
jR^ohlem  : — Let  C  be  any  point  in  the  rib. 


I 


.^^ 


-5C' 


1 

ng.  119.  F5g.  120. 

I  the  diagram  of  forces,  fig.  120,  6ia.w  o  e  parallel  to  a  tangent 
tf  rib  at  CI     Draw  the  vertical  line  o  b  fis  &  scale  of  load^, 
take  t>  A  =  P  to  represent  the  vertical  load  supported  on ' 


I 
I 


arc  A  0.  Through  A  draw  the  horizontal  line  h  c,  oatting 
then  0  c  =  T  will  be  the  thrust  along  the  rib  at  C,  and  h  t 
the  horizontal  component  of  that  thrust,  will  be  the  total  hor 
pressure  which  inv^t  be  exerted  against  C  B,  tJie  paH  of  i 
below  C, 

Tliis  solution  is  expressed  algebraically  as  follows : — -A 
origin  of  co-ordinates  in  fig.  119,  take  any  con%-enient  poin 
tho  vertical  line  O  A  traversing  the  crown  of  the  arched  ri 
OX  =  YC  =  a!andOY  =  XC  =  ybetho  co-ordinates 
point  C;  BO  that  if  t  ia  the  inclination  of  tho  arch  at  C  (and' 
line  o  (T  in  fig.  120)  to  the  horizon,  d  y-^-d  x  =  cotan  i.      fl 


Then, 


_-p^  _ 


H  =  P^  =Pcotani:  T  =  ^/F"+I^»  =  P oosec i 
asB 

PHOBtEM  II. — To  find  the  thrust  at  tho  crown  of  the  rik 
Tlio  preceding  ]trocea8  fails  to  give  any  mault  for  the  crc 
tho  rib  A;  but  the  principle  of  Article  133,  p.  204,  aho^ 
Pq  bo  the  vftJuo  of  rf  P  -=-  J  y,  the  intensity  of  the  loadfj 
point,  the  horizontal  thrust  ia 


'^o=Pq  Po>- 


Pfy  being  the  radius  of  curvature  of  the  rib  at  its  crown. 

PlOBLiat   III. — To  find  the  mean  intensiti/  of  tlus 
preanm  required  m  a  given  layer  of  the  epandril;  that  iS|  ( 
mass  of  material  touching  the  convex  side  of  the  rib.     (Fig,  1 

Let  C  (fig.  110)  be  a  point  in  the  arch  a  short  way  bell 
whose  co-ordinates  ai^e  x-^-J  x,  y-^-d  i/,  ao  that  <i  «  is  the 
of  the  horizontal  layer  C  E  F  C.  In  the  diagram,  of  forw 
ll'O),  draw  o  c'  pmiillel  to  a  tangent  to  the  rib  at  C;  a 
Vertical  scale  of  loads  take  o  /*'  =  P  +  rf  P  to  repreaw 
vertical  load  on  the  arc  A  C;  draw  tlic  horizontal  line/tVci 
0  c'  in  c'.  Then  o  c'  =  T'  is  tho  thrust  along  the  rib  at  C" 
/i'  &  =  H',  the  horizontal  component  of  that  thrust,  i 
horizontal  pressure  which  must  be  exerted  against  the 
rib  below  G'j  BO  that 


Ac  —  A'c'  =  H— H'  =  —  rfH, 


lie  p«A 


ia  tho  horizontal  pressure  to  be  exerted  through  the  layer  C I 
find 


dy- 


^_dn  ^_d^f   

the  intensitj  of  that  proesutQ^ 
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BgKtire  sign  prefixed  to  cf  H  denotes  that  if  H  dinmiishea 
dnontoards,  as  in  the  example  given,  pressure  h  required, 
tiia  hiytt.  Thi'ough  those  l&jers  at  which  H  inoreaaea  in 
tamoartU,  either  tension  from  toWiout,  or  preaaivrs  from 
t  roqntred  to  keep  the  rib  in  cqoilibrio. 
BM  rV. — To  find  the  greatest  horizontal  thrust,  and  tho 
f  mpture,"  and  "  angle  of  rupture." 

aotuJtion, — Bj  a  graphic  proceas.  Tlirough  o  in  fig.  120, 
umber  of  radiating  lines,  such  aa  o  c,  o  C,  iic.,  pamUel  to 
Kt  T&iioiu  jioints,  as  C,  C',  &c,  and  find  as  in  Problem.  L 
,  the  lengtlis  of  those  lines  so  as  to  represent  the  thrust 
I  rib  at  the  several  points  C,  C,  ic  The  length  of  the 
line  o  a,  representing  the  thrust  at  the  crown,  is  to  bo 
as  in  Problem  II.  Through  the  points  o,  o,  c/,  jfec, 
draw  a  curve.  Find  the  point  d  in  that  curve  whi. 
&om  the  scale  of  loads  oh;  then  the  horizontal  Y 
will  represent  the  maximum  horizontal  tiirust. 
d,  and  find  the  point  D  in  fig.  1 1 9,  at  which  the  rib  is 
o  d;  this  is  the  "  point  of  ruptiu^,"  or  jxiiat  at  which 
intal  thrust  attains  a  maximum ;  and  the  "  angle  of 
is  the  iDcliuatlon  of  the  rib  at  that  point,  or  ,^  ci  o  a  in 
[which  will  be  denoted  in  the  sequel  by  Iq. 
nizontal  plane  D  F  is  the  upper  boundary  of  that  part  of 
Iril  which  exerts  the  maximum  horizontal  pressure  H^. 
SoliUion. — By  arithmetical  trials.  Compute,  as  in  Problem 
lines  of  H  for  some  |3oints  in  the  arch.  Between  the  jwiiit 
Ve8  the  greatest  value  of  H  in  the  first  set  of  trials,  jilid 
on  either  side  of  it,  introduce  intennediate  points,  for 
Knpate  the  values  of  H,  and  repeat  the  process  until  tlio 
mpture  is  found  with  the  desired  degree  of  exactness. 
Solution. — By  the  differential  calculus  and  the  solution  of 
on.  If  the  relations  between  .r,  y,  and  P  can  W  expi*eesed 
ons,  make  the  expression  for  the  intensity  of  the  horizoutid 
in  equation  4  equal  to  0 ;  and  by  solving  the  equation  so 
,  deduce  the  poMtion  of  D  and  the  values  of  Iq  and  H^- 
fction  to  be  solved  has,  in  most  cases,  two  roots,  one  of 
rresponds  to  the  crown  of  the  arch  A,  and  tlie  other  to 
Ired  point  D ;  but  it  is  easy  to  distinguish  between  them. 
are  more  than  two  roots,  they  indicate  a  set  of  points 
»f  which  pj  =  0,  and  which  are  alternately  j«iints   of 

°*  ^  horizontal  thrust,  according  as  ^  is  |  "^^jSve  j  * 


mgaa^l  "{S^ti^^e}-     ^^  of  this  kind 
iro  in  practice. 
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If  there  ia  bnt  one  root,  it  corresponds  to  the  crown  of  the  ril 
hydrostatic  arch  (Article  136),  is  an  example  of  tlm,  Jn  whi« 
crown  is  the  point  of  greatest  horizontal  thrust    In  the  Cat 
(Article  128),  and  Transformed  Catenary  (Article  131),  and 
•'  curves  of  equilibrium"  for  vertical  loads  (Axticlo  123),  H 
stant,  and  ;>,  =  0  for  every  point  in  the  rib. 

If  the  rib  rises  vertically  from  its  springing-point,  as  at 
^hole  of  the  horizontal  pressure  whidi  sustains  it  ia  distrilj 
jugh  the  layers  of  the  spandrU.     (The  term  *^ complete"  has  ' 
sn  introduced  to  denote  such  a  rib.)     If  the  arch  rises  o 
from  fluch  ii  springing-point  as  C,  part  at  least  of  its 
^^orizontal    thrust  consists   of  the  horizontal   component  of' 
^l^rust  along  the  rib  at  that   point.     Such  a  rib  \a  said  to 
^V  segmental." 

^M    Let  i\  denote  the  inclination  to  the  horizon   of  the  nb  at 
iipringing-point,  and  Pj^  the  whole  vertical  load  from  the 
thf  spriiiging-point:  then  the  horlzontiil  component  in  que 


^^?hol( 
^Biiroi: 
^^een 


^ 


cotan  tj ;  so  that  H<,  —  Pj  cotan  ij  is  the  part  of  the 


I 


lorizontal  thrust  which  is  distributed  through  the  spandriL 
Problem  V. — To  find  the  position  of  the  resultant 

maximum  horizontal  thrust. 

From  the  point  of  rupture  D  down  to  the  springing,  conceit 

spandiil  to  be  divided  into  horizontal  layers.     Let  d  x 

dt]<th  of  any  one  of  those  layers ;  p^  the  intensity  of  the  ho 

pressure  exerted  by  it  against  the  nb ; 

a?,  the  depth  of  its  centre  below  O  Y,  fig.  119; 
Xq,  the  depth  of  the  joint  of  rupture  below  O  Y; 
aTj,  the  depth  of  tiie  springing-iwint  below  O  Y; 

Then,  «h,  the  required  depth  of  the  resultant  below  0  Tj 
be  expressed  in  either  of  the  following  forms  : — 


«H 


/    "«  rf  H      j  g^  X  p,  d  X -\-  'i^i  cotan  t^ 


-^Z-1 


H. 


H<, 


Examph  I. — In  the  Catenary  and  Traiisformed  Catmarjfi 
other  ribs  equilibrated  under  vertical  loads, 

H{,  =  Pj  cotan  tj ;  sbh  =  «i' 

Example  II. — Ina^cmict'reu^r^tioftheradiuar  i 
normal  pressure  of  the  intensity  j?/  let  the  origin  c; 
be  at  the  crown  of  the  arch. 


i  Bcmi-elliptic  arches  under  conjugate  uniform  pressures,  see 
»134,  p.  205. 

III. — In  the  Hydrostatic  Arch,  as  in  fig.  116,  Article 
209,  lei  the  origin  of  co-ordinatea  be  in  the   extrados 
crown;  then 


traJiaformed  hydrostatic  or  geostatic  arch,  Xa  is  the  same 
^static  arcL     As  to  the  thrust,  see  Article  137, 

teTV. — In  a  Semicircular  Rib  with  a  hortzontal  extrados, 

be  radius  of  the  rib  ;  let  the  origin  of  co-ordinates  be  at 

of  the  arch  •  let  m  r  be  the  height  of  the  extrados  abovo 

;  and  let  w  be  the  weight  of  each  unit  of  vertical  area 

ftnsdty  of  the  horizontal  pressure  through  a  given  layer 
idril  is, 

/     ,  .      i  —  coBtsintN  .q  . 

jle  of  rapture  Iq  is  found  by  solving  the  transcendental 


^  =  0. 


.(10.) 


I  to  be  done  by  successive  approximations ;  and  as  a  firat 
fttion  may  be  taken 

tg=:aro'co8 s — approximately.  (10a.) 

umnm  tJmist  is  given  by  the  formula 

J  i/t  _L     \         •         cos^f-        ijcotaniol   .  ,,,  ^ 
,  =  irf^  .j(l  +  m)cosio ^^  —^ — g — ^^  ;  (11) 

3th  of  ita  resiiltant  below  the  crown  of  the  arch  by  the 


r»     /■90»     .     .,,  ..  ,. 

n=  jj-' j^  p,«n.(l— co8t)rf» 


.(12.) 


MNp2s  V. — In  a  Circular  So/mental   Eib  with  a  iMvizonial 
t,  be  the  inclination   of  the  arch  at  the  springing, 


and  Pj  the  vertical  load  at  the  springing,  and  let  the  rest  of  U 
notation  be  as  in  the  last  example. 

Let  the  angle  of  nipture  bo  found  as  before. 


Caite  1. — L  "y  or  =. 


Then 


Case  2.- 


Hq  =  Pj  ootan  tjj  scn  =r  (1  —  cost,) (13.) 

*o  '^  h'     -Fittd  Hj  and  j?,  as  in  £xample  IT.  ;  then 


ffa  =  tj    i  '^  j  L.Pt  sin  1  (1  — 008  i)  d»  +  r  P^cotan  t^ 
(1  ^  cos  t,)|- 


■{W.) 


Example  VT. — Semi- elliptic  Rib,  vlth  a  Juyriscmtal  fxtradot. 
Conceive  a  semicircular  rib  whose  luditus  is  equal  to  the  vm  of 
the  semi-elliptic  rib,  and  exti'ados  at  the  same  height  aboTotia 
crown,  aud  lind  Hg  and  Xn  for 'the  semicircular  rib  m  in  Example 
IV.  Xa  for  the  flemi-elliptic  rib  will  be  the  same;  aud  the  thrust 
is  to  be  found  bv  the  iirinciple  of  transformation,  as  in  ArUds 
134,  p.  205. 

liie  best  form,  however,  for  oval  complete  ribs  is  that  of  the. 
hydrostatic  arch,  which  siifficiently  resembles  the  semi-ellipse  to  bs 
trubstituted  for  it. 

131).  Pointed  Bib. — If  a  linear  arch,  as  in  fig.  121,  consists  of 

two  arcs,  B  C,  C  B,  meeting  in  a  point  at  C,  iti» 

jiecessaiy  to  cquilibriuni  that  there  should  be  oon- 

ccntmted  at  the  point  C  a  load  equal  to  that  which 

would    have    been  distributed  over  the  two  ara 

A  C,   C  A,  extending   from   the  point  C  to  tbe 

respective  crowns,  A,  A,  of  the  curvea  of  wluch^ 

two  jKirtious  form  the  pointed  arcL 

Under  the  head  of  "  Masonry  "  it  will  be  shown  how  and 

what  circumstiuiccs  that  concentration  of  load  becomes  unni 

in  stone  arches. 

140.  SiabiUir  of  Blocks,  (i.  if.,  205,  206.}— The  condidons  of 
stability  of  a  single  block  supported  upon  another  body  at  « 
plane  joint  may  be  thus  summed  up : — 

!In  fig.  122,  let  A  A  represent  the  upper  blod^ 
y        ^       B  B  jKirfc  of  the  supporting  body,  e  E  the  joinV 
^/    ^L^.ff        C  its  centre  of  pressure,  P  0  the  resultaat 
I     /  \7         ^^^  whole  pressure  distributed  over  the  joiOij 
""^J,../  W.         N  C,   T  C,  its  comixinents   perpendicular 
k  ^'^^-■■^--.-        parallel   to   the  joints   re8})ectively.     Thea  ibf 

k  "*■    n  conditions  of  stability  are  the  following : — 

■     t^  122.  L  In  itrdtr  that  0«e  bUtck  moi^  <ivn\  tJ^k^^ 


Fig.  121. 
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^Mi^  of  the  pnsBwre  mutt  not  exceed  Uie  angle  of  repose  (see 
rtade  110,  p.  171),  that  is  to  say,  ^ 

.^TOm^^ (i.)    H 

'the  block  may  be  in  no  danger  of  overturtUng,  the 
^^  I  rition  of  t/ie  centre  of  pteexwre  from  the  centre  of 

^b  <^  the  joint  bears  to  the  length  of  the  dtameler  of  Uta  joint 
Wbning  ikoeetvioeentree,  tiMM  not  exceed  a  oerlain.  fra^n.     Thc9^_ 
nla«  of  that  fraction  varies,  according  to  circumatances,  whicll^H 
mil  be  explained  in  treating  of  Masonry,  from  one-eighth  to  threeJ^ 
fighths. 
Ihe  first  of  these  conditions  is  called  that  of  etabiiity  offricdonf 
•  noond,  that  of  stability  ofpoaitiom. 

la  a  Btmctare  composed  of  a  scries  of  blocks,  or  of  a  series 
»  bonded  that  each  may  be  considered  as  one  block,  whic! 
or  courses  press  against  each  other 
It  ptase  joints,  the  two  conditions  of 
itihtlity  must  be  fulfilled  at  each  joint. 
Let  lig.   123  represent  pai-t  of  such  a 
1.  1,  2,  3,  3,  3,  4,  4,  being 
its  plane  joints. 

~     the  centre  of  preasnre  Cj  of 
.  1,  to  be  known,  and  abo  the 
and  direction  of  the  pressure,  as 
odintod   by  the  arrow  tmvendng   Oj.  ^'S-  ^23, 

With  that  pressure  combine  the  weight  of  the  block  1,  2,  3,  1> 
togrther  with  any  other  external  force  which  may  act  on  that  block ;  -^ 
the  rtsnltant  wUl  be  the  total  pressure  to  be  resisted  at  the  join 
2,  2,  which  will  be  given  in  magnitude,  direction,  and  position,  an^ 
Till  intersect  that  joint  in  the  centi-e  of  pressure  C^.     By  continu- 
this  process  there  are  found  the  centi-es  of  pressure  Cj,  C^,  »ta» 
number  of  successive  jointa,  and  the  directions  and  loagni- 
of  the  resultant  pressures  acting  at  those  joints. 
The  magnitude  and  position  of  the  resultant  ])reBS!ure  at  any  joint 
viiataoever,  and  consequently  the  centre  of  pressure  at  that  joint,^^ 
Bar  alw  be  found  simply  by  taking  the  resultant  of  all  the  forceo^H 
•hich  act  on  one  of  the  ports  into  whicli  that  joint  divides  tho^^ 
tenctnre, 

itres  of  jiresBure  at  the  joints  are  sometimes  called  centres 
ire.  A  lino  traversing  all  those  centres  of  resistance,  such 
^uii>  Jotted  line  R  R,  in  fig.  122,  has  i-eceived  from  Mi-.  Moseley 
tiw  name  of  tho  *' line  of  resistance f'  and  that  author  has  also 
iJjnxrn  how-  iu  many  easts  the  equation  which  expresses  the  form  of 
iiat  ijzte  may  he  determined^  aad  applied  to  the  solution  of  useful 
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The  straiglit  lines  representing  the  resultant  pressures  mfty  bcaQ 
parallel,  or  may  all  lie  in  the  same  straight  line,  or  may  all  inlo" 
sect  in  one  point  The  more  common  case,  however,  is  tliat  in 
which  those  straight  lines  intersect  each  other  in  a  series  of  points, 
BO  as  to  form  a  polygon.  A  curve,  such  as  P  P,  in  fig.  05,  toucb 
ing  alt  the  sides  of  that  polygon,  ia  called  by  Mr.  Moseley  tks 
"  line  of  pressures." 

Tlie  propertit'3  which  the  lino  of  resistance  and  line  of  prcfsiing 
must  have,  in  order  that  the  conditions  of  stability  may  be  fulfilled, 
are  tlie  following: — 

To  initure  stability  of  position,  tiie  line  of  resittance  mtut  not 
deviate  from  tlie  centre  of  figure  of  any  joint  by  more  than  a  cfrUain 
fraction  of  tlie  diameter  of  the  joint,  measured  in  tJia  direction  tf 
deviation. 

To  f  nntrtf  stability  of  friction,  tfte  normal  to  each  joint  mutt  net 
make  an  angle  greater  tlutn  the  angle  of  repose  toilfi  a  tangent  to  tbt 
line  of  pretsures  dravm  through  tl^e  centre  of  resistance  of  thai 
joint 

The  moment  of  stability  of  a  body  or  structure  supported  at  k' 
given  plane  joint  is  the  moment  of  the  couple  offerees  which  imui 
be  applied  in  a.  given  vertical  platu:  to  that  body  or  structure  in 
addition  to  its  own  weight,  in  onler  to  transfer  the  centre  of 
reisistance  of  the  joint  to  the  liuiiting  position  consistent  witJi 
stability,  and  is  equal  to  the  product  of  the  weight  of  the  body  or 
structure  by  the  horizontal  distance  of  a  vertical  line  travorsiug  its 
centre  of  gravity  from  the  limiting  position  of  the  centre  of 
resistance  of  the  base  or  supporting  joint.  The  applied  couple 
usually  consists  of  the  thrust  of  a  frame,  or  an  arch,  or  the  preaaun 
of  a  fluid,  or  of  a  mass  of  earth,  against  the  structure,  together  iritk' 
the  equal,  opposite,  and  parallel,  but  not  directly  opposed,  reastMwa 
of  the  joint  to  that  lateral  force. 

141.  TraMsr<»rtnaU«n  or  Blackworfc  ScracMrM.  (.<1.  il/.,  308,  209.) 
— If  a  Btnictnro  composed  of  blocks  have  stability  of  poiiitioQ  wbcn 
acted  on  by  foi-ces  represented  by  a  given  system  of  lines,  then  will 
a  structure  whose  figure  is  a  parallel  projection  of  the  origiul 
structure  liave  stability  of  position  when  acted  on  by  forces  repPB- 
scnteil  by  the  corresijondiug  pamllel  projection  of  the  origiml 
system  of  lines;  also,  the  centres  of  pressure  in  the  new  stnirture 
will  be  the  correspondiug  projections  of  the  centres  of  pressun)  ia 
the  original  structure. 

The  question,  whether  the  new  structure  obtained  by  tiani- 
nation  will    possess  stability  of  friction  is  an    independent 

ablem. 

The  ap/iJication  of  the  principles  of  the  stability  of  blockwodc 

tcttircB  will  be  illustrated  utidet  t>as\««A<S."^&a»««si. 
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OH  Y.^-Oftla  Strength  of  Materials  in  General. 

,42.— Btisla,  Stream  Streagib,  Warkins  I<osd.  (.4.  Af.,  2ii.)— 
^  present  section  contains  a  suiuraary  of  the  jirinciples  of  the 
of  materials  so  fiir  as  they  relate  to  questions  which  arise 
ling  etnictnres.  The  rules  are  given  without  demon- 
in  as  luuall  compass  as  possible,  in  order  to  bavo  tiie 
eadiy  of  referring,  in  ordinaiy  cases,  to  more  bulky  treatises ; 
art  almost  all  abstracted  and  abridged  from  the  ti"eatise  already 
rred  to  on  Applied  Medianics,  Part  II.,  Chapter  III. 
"he  load,  or  combination  of  external  forces,  which  is  applied  to 
pieve  in  a  stnicture  produces  strain,  or  alteration  of  the 
ancs  and  Bgures  of  the  whole  piece,  and  of  each  of  its  ]iarticlc3, 
eh  is  acconijianied  by  stress  aniongst  the  f»articles  of  the  piece, 
Bllie  combination  of  forccu  wliick  they  «?xert  in  resistbig  the 
Bey  of  the  load  to  disfigure  and  break  the  piece.  If  the  load 
>ntiuv>ally  increased,  it  at  length  produces  either  fracture,  or  (if 
uuiteriul  is  very  tough  and  ductile)  sucli  a  disfigurement  of  the 
«  as  is  piactically  equivalent  to  fracture,  by  reuderiug  it  u^elesB. 
lie  IJIU«MUo  Sircncib  or  BrcaUiif  I^oad  of  a  body  is  the  load 
ured  to  i>roduce  fracture  in  some  specified  way.  The  Pr»«r 
•r  Tt—f  X.MKI  is  the  load  rcHpiired  Ut  produce  the  greatest 
Biiecific  kind  consi-stent  with  safety;  that  i.s,  with  the 
of  the  strength  of  the  nmterial  nuimimired.  A  load 
Bcding  the  proof  strength  of  the  body,  although  it  may  not 
luce  instant  fracture,  produces  fracture  eventually  by  long- 
tinned  application  and  frequent  repetition.* 
Ite  WMtfciBf  Load  on  each  piece  of  a  Btructurc  iis  made  less  than 
proof  strength  in  a  certain  i-atio  detennined  by  practical  ox- 
eaoe,  in  order  to  provide  for  unforeseen  contingencies. 

4  MtIh  of  «xperimentc  on  the  efTect  of  the  frequent  applicalion  and  remoral  of 
1^  mm  made  by  tlie  ComonUsionera  on  tho  Applicalioa  of  Iron  to  Hallway 
ttna,  ttaa  general  results  of  which  were  as  follovrs:— 

iMa  cut  iroa  ban  wrro  exposed  to  saccessive  transverse  blom,  each  blow 
Iting  oM-tkiri  of  the  alttmate  deflection  (or  deflection  immediately  before  break- 
tlicy  here  4,000  such  blows  williout  having  their  strength  impured;  but 
I  the  fcTce  of  each  blow  produced  one-half  of  the  ultimate  deflection,  every 
iroke  before  receiviiig  the  4,000th  blow. 

Ikh  catt  iron  ban  were  expoaed  to  successive  deflccUoiuby  means  of  a  cam,  of 
iiri  of  the  uUimate  deflection,  they  bore  100,000  such  deflections  without 
bg  tbcir  strength  impaired;  but  when  each  deflection  was  one-half  of  the 
nata  deflection,  the  ban  broke  with  fewer  than  900  deflections. 
Id  vreaght  ir«n  ban,  no  perceptible  effect  was  produced  by  10,000  auccesaivo 
nkiiai  by  means  of  a  revolving  cam,  each  deflection  being  due  to  half  the  weight, 
A,  wlien  applied  uatirally,  produced  a  large  permanent  deflection." 
kjM»Ml»  of  experimeota  oo  the  effect  of  vibratory  action  and  long-contiaaad 
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Each  solid  has  as  many  different  kinds  of  BtrengUi 
different  ways  in  whioh  it  can  be  strained  or  broken, 
Uiti  folIoMdng  classification : — 

Application  of  Load.  Strain.  Fractara 

T        -^  J-     ,  f  ExU?nsion , TewiBiff. 

Longitndinu! |  Compression CroBhSg. 

1  Distortion Shearing. 

Trauaverae ■  Twiating Wrenching, 

(  Bending Breaking  aa 

143,  A  Vaetar  wf  Safcir  (jl.  J/.,  247)  when  not  otherwise  sp 
means  tlie  ratio  in  which  the  breaking  load  exceeds  the  w 
load 

In  fixing  factors  of  safety,  a  distinction  is  to  be  drawn  b< 
a  dead  loud — that  is,  a  load  which  is  put  on  by  impetoi 
Bgrccs,  and  which  remains  steady,  such  as  the  weight  i 

ructtire  itself,  and  a  live  load — tluit  is,  a  load  which  is  ] 
suddenly,  or  accompanied  with  vibration,  such  as  a  swift 
travelling  over  a  railway  bridge,  or  a  force  exerted  in  a  n 
machine. 

Com]uiring   together   the   experiments   of  Mr.    Fairbain 
of  the  com  mission  on  the  strength  of  iron,  and  the  rulea  foi 
ill    the   practice  of   engineers,   the  following  table  givea 
summary  of  our  knowledge  respecting  factors  of  safety  : — 

Dead  Load.     Lire  I 

For  perfect  materials  and  workmanship,  a  4 

For  good  ordinary  materials  and  work- 
manship : — 

in  Metala,...., , 3  6 

in  Timber, 4*05  8  to  n 

in  Masonry, 4  8 

cbaogea  of  load  on  wroDght  iron  girders,  by  Mr.  Fairbaim,  haa  for  M«M  tiaei 
prugreas.  Those  experiiuonU  (lo  far  as  thej  bod  tbcn  b«eD  carried)  mm  8 
nicated  to  Ibo  Urill»h  Aaaociatiun  at  Oxfiird,  in  JoDO,  1860;  and  tiie  tMemi 
aummuy  of  the  results: — 

Tbu  beam  expniniented  on  was  a  nvetted  wrou(;bt  iron  pUte  girder. 

^Vbcn  the  load  applied  was  about  one-fowrth  of  tti«  breaking  weight,  ibi 
willuiluuJ  (i9G,T90  auoceuive  appUcatioas  of  it,  without  visible  altrraiion. 

This  load  was  then  increased  to  faW'seeeiiMa  of  the  breaking  neigbt,  and 
403,210  times,  when  the  beam  showed  a  slight  ini.iiiasii  of  pennan«U  set. 

The  toad  was  farther  increaoed  to  two-J\f\h$  of  the  braaking  wiigbt,  wltin  tli 
broke  with  the  5,175th  application. 

The  Booceiaivo  applications  of  the  load  were  aocotnpauiod  with  1 
fknn  vibration  and  impacL 
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"When  the  ■working  load  is  partly  dead  and  partly  live,  multiply 
fech  part  of  the  load  by  its  proper  factor  of  safety,  and  add 
Dgedier  the  products ;  the  sum  will  be  the  ultimate  or  breaking 
Old  to  -which  the  piece  or  stmcture  is  to  bo  adapted. 

144.  The  Pxaof  or  TeatinK  by  experiment  of  the  strength  of  a 
]Moe  of  material  iis  to  be  conducted  in  two  different  ways,  accord- 
ing to  the  olgcct  in  view. 

I.  If  the  piece  is  to  be  afterwards  used,  the  testing  load  must  bo 
n  JiiQit«d  that  there  shall  be  nn  possibility  of  its  impairing  tlio 
Bjjngth  of  the  piece;  that  is,  it  must  not  exceed  the  proof  strength, 
Hb|^  &om  one-third  to  one- half  of  the  ultimate  strength.     About 
pmihle  of  the  working  load  is  in  general  sufficient.     Care  should 
taken  to  avoid  vibrations  and  shocks  when  the  testing  load  ap> 
mImb  near  to  the  proof  strength. 
TL  Tt  the  [nece  is  to  be  eaurificed  for  the  sake  of  ascertaining  the 
trength  of  the  material,  the  load  is  to  be  increased  by  degrees 
Bkil  the  piece  breaks,  care  being  taken,  especially  when  the  break- 
K  point  is  approached,  to  increase  the  load  by  small  quantities  at 
time,  so  as  to  get  a  sutficiently  precise  resiUt 
The  proof  atrenyUi  requires  much  more  time  and  trouble  for  its 
ition  than  the  ultimate  strength.     One  mode  of  approxi- 
L 1  .  the  proof  strength  of  a  piece  is  to  apply  a  moderate  load 

ifid  remove  it,  apply  the  same  load  again  and  remove  it,  two  or 
hree  times  in  saccesaion,  observing  at  each  time  of  application  of 
ke  load,  the  strain  or  alteration  of  figure  of  the  piece  when  loaded, 
igr  stretching,  compression,  bending,  distortion,  or  twisting,  aa  the 
Me  may  be.  If  that  alteration  doea  not  sensibly  increase  by  re- 
peated applications  of  the  same  load,  the  load  is  within  the  limit 
pf  proof  strength.  The  effects  of  a  greater  and  a  greater  load  being 
BooeniTely  tested  in  the  same  way,  a  load  will  at  length  be 
lacbed  whose  successive  applications  produce  increasing  disligure- 
Dents  of  the  piece;  and  this  load  will  be  greater  than  the  proof 
itmigtb,  which  will  lie  between  the  last  load  and  the  last  load  but 
Be  in  the  aeries  of  experiments. 
It  was  formerly  supposed  that  the  production  of  a  aet,  that  is,  a 
iafigurement  which  continues  after  the  removal  of  the  load,  was  a 
est  of  the  proof  streugth  being  exceeded;  but  Mr.  Hodgkinson 
towed  that  supposition  to  be  erroneous,  by  proving  that  in  most 
auktcrials  a  set  is  produced  by  almost  any  load,  how  small  soever. 

The  strength  of  bars  and  beams  to  resist  breaking  across,  and  of 
ules  to  resist  twisting,  can  be  tested  by  the  application  of  known 
ni|^ii«  either  directly  or  through  a  lever. 

To  t«rt  the  tenacity  of  rods,  chains,  and  ropes,  and  the  resist- 
mce  of  pillars  to  crushing,  more  powerful  and  complex  mechanisiu 
ii  required.      The  apparatus  most  commonly  employed  is  the 
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liydranlio  press.     In  compntiug  the  stress  'which  it  produces, : 
reliance  ought  to  be  placed  ou  the  load  on  the  safety  valve,  or  ( 
«  weight  huDg  to  tbo  pump  handle,  as  indicating  the  intensity* 
the  pressure,  which  aliould  be  ascertained  by  means  of  Bourdonlj 
gauge.     This  remark  Bpi*]lio»  oUo  to  the  proving  of  boilers  bj 
water  pressure. 

From  exj)ertment9  made  by  Messrs.  More  of  Glasgow,  and 
the  Author,  it  apjiears,  that   in  experiments  on  the  tensions 
comprt'ssiou  of  biars,  about  orte-teuth  should  he  deducted  from  I 
pressurtj   in   the  liydraulic   press  for  tho  friction   of   the 
plunger. 

I'll*}  measurement  of  tension  and  compression  by  means  of  i 
liydniulic  press  is  but  a  iT>ugh  approximation  at  tho  best.     It] 
be  sulhoient  for  an  immediate  practical  purpose;  but  for  the  i 
determination  r>f  geiiei-al  laws,  altliouigh  the  load  may  be  ap 
at  one  end  of  the  piece  to  he  tested  by  means  of  a  hydranlic 
it  ought  to  Ih^"  resisted  and  moa-sured  at  the  other  end  by  mcaoK 
ft  combination  of  lovers,  sucli  as  tliat  used  at  Woolwich  Doch 
and  described   by   Mr.    Barlow    in    hia  work  On  Hie  Strengf^ 
Materiais. 

14a.  €*-«iiiei9Mia  or  ifiodali  •€  9twt>a^h  are  quantities  ei 
the  intensitif  of  the  stress  under  which  a  piece  of  a  given  mat 
gives  way  when  strained  in  a  given  manner;  such  intensity 
expressed  in  units  of  weight  for  each  unit  of  sectiomil  area  of  i 
layer  of  particles  at  which  the  body   first  begins  to  yield. 
Britain,  the  ordinary  unit  of  intensity  employed  in  expressing^ 
strength  of  materials  is  the  pound  avolrdupvia  on  the  «guar«i~ 
As  to  other  units,  see  Article  106,  p.  IGl, 

Co-efficients  of  strength  are  of  as  many  different  kinds  as  I 
are  different  ways  of  bi-caking  a  body.     Their  use  will  be  exf 
in  the  sequel.     Tables  of  their  values  are  given  at  the  ani 
the  volume. 

Co-efficients  of  strtnigth,  when  of  the  same  kind,  may  still 
according  to  the   direction  in  which  the  stress  is  applied  to 
Imdy.    Thus  the  tenacity,  or  resistance  to  tearing,  of  most  kimk^ 
wood,  iH  much  greater  against  tension  exerted  along  than  i 
the  grain. 

1 4G.    tttlOYiem  ar  WLlfjUkHj,  Pllabllilr.  their  SlodaU  ar  Ct 

— Rigidity  or  stiffness  is  the  property  which  a  solid  body 
of  resisting  forces  tending  to  change  its  figure.  It  may  be  ei 
lis  a  quantity,  called  a  modulus  or  co-efficient  ofatiffinJeu,  by  • 
the  nitio  of  tho  intensjity  of  a  given  stress  of  a  given  kind,  to! 
((train,  or  alteration  of  figure,  with  which  that  stress  is  i 
pnnicd: — that  strain  being  cxpres.sed  aa  a  quantity  by  dividing  1 
Alteration  of  some  dimeusioti  o£  \.\\o\»'l'3  ^■j  IW  ori'^imil  length  i 
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aemdon.    Iti  most  substances  which  are  used  in  construction, 
inli  of  stiflness,  though  not  exactly  constiint,  are  nearly 
it  for  stresses  not  exceeding  the  proof  streujrth. 
reciprucal  of  a  modulus  of  stiffness  muy  be  called  a  "  modulus 
ffliaiilit^/'  that  is  to  say, 


Modulus  of  Stlffuess  ^ 


Intensity  of  Stress 

Strain  ' 


The 

luel. 


Modulus  of  Pliability  ^  y— r r: — rrs • 

•'       Intensity  of  Stress 

use  of  specific  moduli  of  iitlffness  will  bo  explained  in  the  | 
Tables  of  their  values  are  given   at   the   eud   of  the' 


The  Eiaaiiciir  mt »  Solid  {A.  M,,  23G  to  238,  243,  248  to 
ila  of  stilTuess,  or  resistance  to  cLaugy  of  figure,  combined 
power  of  njcovering  the  original  figure  when  the  stniining 
is  withdrawn.  If  that  recovery  is  perfect  and  exact,  the 
is  said  to  be  "  j)erfecily  dastic;"  if  there  is  a  "  set"  or 
lent  change  of  figure,  after  the  removal  of  the  straining 
,  the  body  is  said  to  be  "  imperfectly  elastic."  The  elasticity  of 
>  solid  substance  is  absolutely  perfect,  but  that  of  many  subatancus 
I  nearly  perfect  when  the  stress  does  not  exceeil  the  proof  strength, 
hI  may  be  made  sensibly  perfect  by  restricting  the  stress  within 
"",  enough  limits. 

It  or  Co-efficiente  of  EJaMlcity  are  the  values  of  moduli  of 
when  the  stress  is  so  limited  that  the  value  of  each  of  those 
is  sensibly  constant,  and  the  elasticity  of  the  body  sensibly 
It  can  be  shown  that  in  a  homogeneous  solid,  tJierc  may 
'  hpentjf-one  independent  co-efficients  of  elasticity,*  which,  in  a 
that  is  equally  elastic  in  all  dJiTctions,  are  reduced  to  two — 
the  co-etlicient  of  direct  elasticity,   or   resistance   to   direct 
iiening  and  shortening,  and  the  co-elficient  uf  resistance  to 
ion. 

Oetural  Problem  o/tli^  Ititerval  Equilib-num  of  an  ElatUa 
Ukis : — Given  the  free  form  of  a  solid,  the  values  of  its  co- 
it>  of  elasticity,  the  attractions  acting  on  its  particles,  and 
ati«ss»  applied  to  its  surface;  to  find  its  change  of  foi-m,  and 
strains  of  all  its  particlea.t     This  problem  is  to  be  solved,  in 
by  the  aid  uf  an  ideal  division  of  the  solid  into  molecules, 
D|piliir  in  their  free  state,   ami   referred  to  rectangular  co- 
lter   Some  particular  cases  are  most  readily  solved  by  means 


'  See  PUL  Trent.,  1850-7. 

>  Sm  £.da^  /.tpmu  tar  h  Tiecrrie  J/a/A^tatique  d«  rEltutieiU  des  Corpi 
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of  Bpberical,  cylindrical,  or  otherwise  curved  co 
general  problem  is  of  extrume  oomptexity,  and  its  ooCDJ 
Holutiou  baa  uot  yet  bcon  obtained  in  a  practically  available  ti 
but  the  cases  wliiob  occur  in  practice,  and  to  which  the  remain 
of  this  Boction  relates,  can  be  solved  with  sufficient  accuracj 
comparatively  simple  approximate  methods  Most  of  tboso 
proximate  methods  are  analogous  to  the  "  method  of  sectioi 
described  in  its  application  to  framework  in  Article  122,  p.  1 
The  Ixjily  under  consi<leratioii  is  conceived  to  be  di\nded  into  \ 
parts  by  an  ideal  plane  of  section ;  the  external  forces  and  coni 
acting  on  one  of  those  two  fiarts  are  computed;  and  they  must 
oquul  and  opposite  to  the  forces  and  couplea  resulting  frou  I 
miin  Btreau  at  the  ideal  sectional  plane,  which  Is  so  found.  11 
as  to  the  distribution  of  that  stress,  direct  and  shearing,  some  j 
ia  auumed,  which,  if  not  exactly  true,  is  known  either  by  expi 
inent  or  by  theory,  or  by  both  combined,  to  be  a  sufficiently  c) 
approximation  to  the  truth. 

Except  in  a  few  com^wratively  simple  cases,  the  strict  metliO( 
investigation,  by  means  of  the  equations  of  internal  equilibrit 
has  hitherto  been  \ised  only  as  a  means  of  determining  whether 
onlinary  approximative  methods  are  sufficiently  close. 

148.  RMiiicMcr.  or  Hrrins  {A.  M.,  244),  is  the  quantify  fif 
chajtical  work  required  to  produce  the  proof-stress  on  a  given  pi 
of  material,  and  is  equal  to  tlie  pnxluct  of  the  proof  ttram, 
oltemtloti  of  figure,  int43  the  mean  load  which  acta  during  the  J 
ductiou  of  that  stniia;  that  is  to  say,  in  general,  very  nearly  oi 
half  of  the  pi~oof  louil.  ' 

141>.  Rrsiawncv  wf  Bmrm  im  SirctcliiaB  mi4  TenrliHf  (A.  IT,! 
to  2G0.) — Thu  ultiumte  8trenf;th  or  bptuking  load  of  a  Iwir  expo 
to  direct  and  uuiform  tension  is  the  product  of  the  area  of  cr< 
section  of  the  bar  into  the  tenacity  of  the  umtcriul.  Thenj 
hit 

P  denote  the  breaking  load,  in  pounds; 

S  the  area  of  section,  in  square  inches; 
the  tenacity,  in  pounds  ou  the  square  inch;  then. 

P=/8;8=?- 

e  elongation  of  the  bar  under  any  load  F  not  exoeediq||| 
proof  load  is  found  as  follows : — 

Let  X  denote  the  original  length  of  the  bar,  ^  x  the  elongtt 
and 

A* 


f 


|»  wbicli  that  elongatiou  bears  to  the  original  length  oi 
the  numerical  lueuaure  of  tlie  strain. 
8  denote  the  intenidty  of  the  stress,  and  E,  the 
daslicity,  or  reaistauce  to  &ti-etcliiug.     Then 

•=!• w 

^proof  tension  of  the  materiul,  so  tliaty  S  is  the 
if  the  bar;  then  the  proof  alrain,  or  proportionate 
|xder  the  proof  load,  isy*-r  E. 

|eac*  or  Spriag  of  the  bar,  or  the  work  performed  in 
to  the  limit  of  proof  strain,  is  computed  as  folJowa: — 
ength,  as  before,  the  elongation  of  tlie  bar  under  the 
f  x-r-Eu  The  force  which  acta  through  this  space  haa 
»lue  0,  for  its  greatest  value  P  =/'  S,  and  for  its  mean 
2 ;  so  that  the  work  performed  in  stretching  the  bar  to 

jP*  H-  E,  by  which  one-half  of  the  volume  of  the  bar    ^* 
^  in  the  above  formula,  is  called  the  Modulus  of 


i 


be  ba: 


le  wor 

mdb  a 

HBpti 
PTOite 


of  /'  8  -=-  2,  or  cn^hcUf  of  Ote  proof  load,  being 
bar,  will  prwluce  the  entire  proof  alrain  of  /'  -^  E, 
oduced  by  the  ffrculual  application  of  the  pi-oof  load 
le  work  performed  by  the  action  of  the  constant  force 
a  given  s[>ace,  is  the  same  with  the  work  per- 
tion,  through  the  same  space,  of  a  force  increasing 
lie  from  0  up  to/'  S.  Hence  a  bar,  to  resist  with 
Aden  application  of  a  given  pull,  requires  to  have  twice 
that  is  necessaiy  to  resist  the  giudual  application  and 
1  of  the  same  piUL 

the  tenacity  and  of  the  modulus  of  direct  elasticity  of 
tano^  are  given  at  the  end  of  the  volume. 
Mrtcai  Boitcn  Mid  Pipea.    {A.  M,,  271.) — Let  r  denote 
if  a  thin  hollow  cylinder,  such  as  the  shell  of  a  high 

pr; 

tnew  of  the  AeW ; 

tity  of  the  material,  in  pounds  per  square  inch ; 

logity  of  the  prt-asure,  in  jiounds  per  square  inch,  ro- 

tfst  ike  shell.     This  ought  to  be  taken  at  six  TIMES  the 

^ing  Tppeasara—effhcHve  pressure  meaning  the  excess  of 

I  irom  witJiin  above  the  prtsaiwe  from  without,  v?^ck 


i 
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]&si  is  usually  the  aimoqiberio  presBUni,  of  U*7  lbs.  on  Um 

jucli  or  tiiereabouta  ^b 

.=/i: ; 


TlieQ 


and  the  proper  proportion  of  thickness  to  radius  La  given 
formula, — 

r-f 

ISl.  flphericni  Hhviu,  such  OS  the  endi)  of  "  egg-ended"  <7li 
hoiliTB,  the  tops  of  steam  donirs,  &c.,  are  tvoice  a»  strong  as  cyli 
sliuUs  of  the  same  radius  and  thickness. 

Suppose  a  ahell  ttf  the  liguri;  of  a  Hi*gment  of  a  sqihere  to 
circular  flange  nnind  its  bas<-,  throngh  wliich  it  is  Iwlted  to  a 
iijKjn  a  cylindrical  «hf!],  or  xipou  another  spherical  shelL 

Let  r  denote  the  radius  of  the  sphere,  in  inches; 

r',  the  radius  of  the  circular  base  of  the  segmental  si 
inches; 

/J,  the  bursting  pi-essui-e,  in  Ibe.  on  the  square  inch ; 
then  tlin  number  and  dimensjana  of  the  bolts  by  which  the 
ia  held  should  l>e  such,  that  the  load  required  to  tear  them  a 
all  at  once  shall  b« 


3U16»«^;, 


and  the  flange  itaelf  should  require,  in  order  to  cruah  it^  < 
lug  thrust  in  the  direction  of  a  tangent  to  it : — 


\pr''JW^:rr\ 


If  the  segment  is  a  complete  hemisphere,  r*  ^r,  and' 
exprussion  bt'CDnies  ^  0. 

152,.  Thick  iiau«w  CrUndrr.  {A.  if.,  273.) — The assumptii 
the  tension  in  a  hollow  cylinder  is  uni 
distributed  throughout  the  tliickness  of  tb 
is  apivi-oxittiiitoly  true  oidy  when  the  thi 
is  small  as  compared  with  the  radios. 

Let  R  represent  the  external  and  r  i 

temal  radius  of  a  thick  hollow  cylindtrTf  I 

a  hydraulic  press,  the  tenacity  of  whose  n 

is  /,  iind  whoso  hursting  pressure  iap.     T 

Fig,  124.  must  \ia,v« 


K2  +  r2^/' 


7=vm> ^> 


CIS  of  wliich  formula,  -when  r,  f,  and  jt,  are  given,  R  may  be 


kick  El«ii»w  8pbct«.  (.4.  J/".,  275.) — In  tliis  case,  using  the 
>b  as  in  the  last  Article,  the  following  formulte  give  the 
Ithe  bm-sting  pressure  to  the  tenacity,  and  of  the  external 
rnal  radixis : — 


2R3  — 2r» 
B.3  +  2r3  ' 


■(1-) 


?=a/(I^) f^) 


ii«nil  pitaMUtTi  Cable  Cainpr«atiblUiT. — When  the   side 
lof  a  bar  are  free,  the  a]ti)lication  of  tonsion  to  its  enda 
I  to  contract  in  thicknens  as  well  as  to  extend  in  length ; 
FftppIicatioD  of  pressure  to  its  ends  causes  it  to  cximnd  in 
as  well  as  to  contract  in  length.     This  propei-ty,  which 
'\fi^  "  Lateral  Pliability,"  exists  to  the  greatest  possiVile 
perfect  fluids,  whose  pi^rts  yield  laterally  to  the  slightest 
stress,  and  is  least  in  those  solids  which  are  least 
fcaf  changes  of  figure. 

has  die  alteration  of  its  transverse  dimeosions  pre- 
by  any  means,  it  yields  less  longitudinally  to  a 
stress  than  it  does  when  it  is  free  to  yield  laterally;  in 
s,  ita  direct  or  longitudinal  stifluess  may  be  increased ; 
according  to  laws  whose  mathematical  expression  will 
given.  Its  strength  is  increased  also  j  but  In  what  pro- 
fia  not  yet  known  preci.Mely. 

9  denote  the  intensity  of  a  longitudinal  stress,  not  exceeding 
lit  below  which  moduli  of  stifibess  are  constant;  and  when 
I  free  to  alter  its  lateral  dimensions,  let, 

ite  the  fraction  of  its  original  length  by  which  its  lengtli 

1,  and 
fraction  of  its  original  diameter  by  which  its  diameter 
in  the  contrary  direction  to  its  length ;  then  we  have 


p^Ax-^B^i 


.(,\: 
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A  and  B  being  two  oo-cfficients  whose  relations  to  £  and  D{ 
expressed  by  the  two  following  pairs  of  equations : — 

ED  (D  -^      _  TP  J ^.^^ 

I>«  _  ED  —  2  E2  ~     "^  D«— ED  —  2  W' 


B  = 


E^D 


B 


E  =  A 


D»_BD  — 2E«'  A~D  — E' 


.  n        A         OTIX^'.^        A.+B. 
;  D  =  A  —  2B+   „  ;  ^  -  — w— .  ^ 


A+B 


B'E 


B 


The  co-efficient  A  represents  the  reaistance  of  the  bar  to  di| 
elongation  or  compressitm  when  fi  =  0;  that  18,  when  the  transrt 
dimouions  of  the  bar  are  prevente^l  from  changing.*  i 

The  resistance  to  alteratioa  of  volume  beai-s  the  following 
lations  to  the  before-mentioned  co-efficients.  Let  p  denote  ( 
uniform  intensity  of  a  pressure  or  tension  applied  all  over  | 
surface  of  a  body,  and  3  the  fraction  of  the  original  voltunn 
whiclt  the  volume  is  diminished  or  increased;  then  the  c4 
datticUy  is 

jg      A-H2B       3D  — 6E 

a"       3       ~      DE      ' 


(^i 


and  the  reciprocal  of  this  is  the  eubvc  compreaaibiliti/.  \ 

The  values  of  A  and  B  have  been  ascertained  for  a  few  sq 
stances  only.     For  brass  and  crystal,  according  to  M.  Wei 
experimenta   (Arma/es  de   CIdmie,   third   series,   voL   zjdiL)^ 
following  ratios  hold  very  nearly: — 

A-B  =  2;  D  +  E  =  3j  A-^E=|j  B  +  Es=4;..(5.J 

and  consequently,  for  those  substances, 


=  "  A  =  K. 


•(«.] 


155.   HelchM  mt  lW««aU  of  StWaeM   «*d   Kcrvactli.  — Tb*  4tl 

" HeiglU"  as  applied  to  a  given  modulus,  whether  of  stifiiiMi 

'  A  b  tb«  co-dBcient  of  elasticity  deduced  Trom  experfnicati  eo  the  Telodtrj 
•oand  In  ■  solid  body  of  \ht%t  transvene  dimensions,  br  means  of  Uie  (oikiiil 
formiOo,  in  which  v  m  llie  velocity  of  soand  in  feet  per  second,  and  is  the  mi(m 
a  cubic  foot  of  the  bod_v; 

A  in  Iba.  on  Iho  tqaare  foot  =  ,„   .. 

Wbea  the  transverM  dimennuns  of  Vb«'bQ&y  muaRcm^^^ifta^tsraxq^^vai 
Jying  betiraon  th*  Tsloe  of  A  ■&&  t\iax.  ol  E>. 


wan 
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atmo^lh,  m<«nB  the  height  of  an  imaginary  colnmn  of  the  mi' 
to  irhieh  the  mo<lulus  belongs,  whoso  weight  would  cause  a 
on  its  base,  equal  in  intensity  to  the  stress  expressed 
given  modal  OS.     Hence, 

it  of  a  modulus  in  feet 

Modulus  in  lbs.  on  the  square  foot 


Heaviness  of  substance  in  lbs.  to  the  cubic  foot 

Modulus  in  lbs.  on  the  square  inch 

^  Weight  of  12  cubic  inches  of  substance' 

bigbt  of  a  modulus  in  inches 

Modvilus  in  lbs.  on  the  square  inch 
Weight  of  a  cubic  inch  of  substance* 

156.     R«wlalniie«   t*   ShcariBf   and    Dialortion.       (A.    M,,    278    to 

SL) —  In  structures,  many  cases  occur  in  which  the  priQCj|)al 
such  as  plates,  links,  bars,  or  beams,  being  themselves  sub- 
Wed  to  a  direct  pull,  are  connected  witli  each  other  at  their  joints 
If  fiistenin^'s,  such  as  rivets,  bolts,  pins,  keys,  or  screws,  which  are 
miller  tbe  action  of  a  shearing  force,  tending  to  make  them  give 
knr  by  the  sliding  of  one  part  over  another. 
tbe  present  Article  refers  to  those  cases  only  in  which  the  shear- 
on  a  body  is  uniform  in  direction  and  in  inteusity.  The 
of  shearing  stre&s  varying  in  intensity  will  be  considered 
the  head  of  Kesistance  to  Bending,  which  is  in  general 
panied  by  such  a  stress;  and  the  eU'ects  of  shearing  stress 
ing  in  direction  as  well  as  in  intensity  under  the  head  of 
ice  to  Torsion. 
To  insure  unifoi-m  distribution  of  the  stress,  it  is  necessary  that 
le  riv«?t  or  other  fastening  should  fit  so  tight  in  its  hole  or  socket, 
ih«t  the  friction  at  its  surface  may  be  at  least  of  equal  intensity  to 
ahcoring  streas.  When  this  condition  is  fulfilled,  the  intensity 
thnt  «tn=.s  ia  represented  sirajdy  by  F-rS,  F  being  the  shearing 
-  •  'le  area  which  resists  it, 

lice  of  the  relation  between  shearing  stress  and  direct 
led  ID  Article  108,  Division  II.,  p.  167,  it  appears  that  a 
gi\'o  way  to  a  shearing  stress  either  by  actual  shearing, 
jKHi-iUel  to  the  dii-ectionof  the  shearing  force,  or  by  tear- 
.  liii-^ction  making  an  angle  of  45°  with  tliat  foixe. 
When  a  shearing  stress  does  not  exceed  tlie  limit  within  which 
©oduli  (li  sLifl'ncss  are  sensibly  constant,  it  produces  distortion  of  the 
Wy  on  which  it  acts.     Let  q  denote  the  intensity  of  a  shearing 
apjihed   to  the  four  luteral  faces   of  an  originally  ac^vkaro 
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prismatic  particle,  ao  M  to  distort  it;  and  let  »  be  the  disUnim 
exjireased  by  the  tangent  ofQie  difference  betvoeen  wcl^  q/'the  dittortt 
artylea  of  C/m  prUm  and  a  right  angle;  then 


>=c. 


(1.) 


is  the  modtdwf  of  trofuverae  elasticity,  or  resistance  to  distortion. 

One  mode  of  expressing  the  distortion  of  an  originally  8qiur 
prism  is  as  follows: — Let  »  denote  the  proportionate  elongation 
one  of  the  diagonals  of  its  end,  fl  the  proportionate  sliortcniog 
the  other;  then  the  distortion  is 

*  =  «  +  /S. 

Tim  co-f  fficient  C  is  necessarily  related  to  those  mentioned  /'u 
Article  154,  pp.  229,  230,  in  the  following  manner: — 


C  = 


A  — B 


ED 

2  (D  +  E)' 


.(a) 


For  hrasB  and  crystal,  according  to  M.  "Wertheim's  experimeali 
TTo  littve 


A_B_3^_P 


•« 


The  co-eflScient  C  expresses  the  quality  of  rigidity,  or  resiatanei 
to  change  of  fiyiire,  "which  tlistinguislies  solids  from  tluid& 
In  a  perfeut  fluid,  the  following  relations  hold : — 


.(*-) 


28 

htt 
I         lin 


O  =  0;E  =  0;D  =  0j  1 

A  ^  B  ^  C  (the  cubic  elasticity),  i 

The  general  elfcct  of  heat  on  solid  bodies  is  to  dinmush  0  ui 
icrease  p^i. 

157.   KcBlaUuica   to   CompreaaloH   and   Direct   CmdilHg*      (^.  M, 

282  to  286.) — Resistance  to  LongifudintU  Compression,  when  tJ» 
Jiroof  stress  is  not  exceeded,  is  sensibly  equal  to  the  resLstance  to 
stretching,  and  is  expressed  by  tlio  same  modulus.  When  tlia* 
limit  LB  exceeded,  it  Incomes  irregular. 

Crushing,  or  bi-eaking  by  coniprfssion,  is  not  a  edniple  phenotnam 
ike  tearing,  but  is  more  or  less  complex  and  varied,  according 
'  e  nature  of  the  substance. 
The  jircscnt  Article  has  reference  to  direct  crushing  only,  and 
JjDiiced  to  those  cases  iu  wbvcW  \X\<&  \i^^^&T^^jui»^u^x^x'Q^l^acxsali 


J 
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mg  which  the  pressure  acts  are  not  so  long  in  propoi'tion  to  their 
auteter  as  to  hav^e  a  sensible  tendency  to  give  way  by  bending 
deway».     Thow  cases  comprehend — 

Stone  and  brick  pillars  and  blocks  of  ordinary  proportions  j 
PilUrs,  rods,  and  struts  of  cast  iron,  in  which  the  length  is  not 
nore  than  five  times  the  diameter,  approximately; 
Pillars,  rods,  and  struts  of  \\Touglit  iron,  in  which  the  length  is 
t  more  Uutn  ten  times  the  diameter,  a})proxi mutely; 
Pillar,  rods,  and  struts  of  dry  timber,  in  which  the  length  ia  not 

lliau  about  twenty  times  the  diameter. 
I/t  P  denote  the  crushing  load  of  the  piece ; 
^the  area  of  its  transverse  section  iu  square  inches; 
^Klie  resistance  of  the  material  to  crushing,  iu  lbs.  on  the  square 
^H;  then  iftJyt  load  is  uniformly  diatntnUed, 

P=/S (1) 

A  taUe  of  the  recdstance  of  materials  to  direct  crushing,  in  lbs. 
B  die  square  inch,  is  given  at  the  end  of  the  volume. 
If  the  load  is  not  uniformly  distributed  over  the  transrerse 
on  of  the  pillar,  the  strength  of  the  pillar  ia  diminished  in  the 
ratio  in  which  the  mean  intensity  of  the  stress  is  less  than 
be  maximum,  intensity.  To  find  that  ratio,  it  is  sufficiently  near 
truth  for  pi-actical  purposes  to  con8i<ler  the  stress  as  "  uniformly 
tlfiatg"  (See  Article  lUG,  Division  II.,  p.  iG3,  equations  5,  6,  7.) 
the  pillar  to  be  cylindrical,  square,  or  of  a  regular  poly- 
figure  in  cross-section.  Let  a-^  be  the  greatest  deviation  of 
centre  of  pressure  from  the  centre  of  figure  in  any  crosa- 
Gtioo;  that  is,  the  greatest  deviation  of  the  line  of  action  of 
e  load  from  the  axis  of  the  pillar. 

Let  Xj  be  the  distance  of  the  point  of  greatest  stress  from  the 
lis  of  the  pillar;  that  is,  the  semidiameter  of  the  plllur  in  the 
rfction  in  which  the  load  deviates  from  the  axis. 

Let  I  ^  \  gi^ydx  denote  what  is  called  the  " moment  of  inertia'* 

the  cross-section  of  the  pillar. 
Thea  the  crushing  load  is. 


P  = 


1  + 


KK? 


(2.) 


X,  S  . 

*  .      IT 


rhe  following  are  some  of  the  values  of  '^j—  in  the  preceding 

iDola:  the  *^  neutral  axis"  meaning  the  diameter  to  which  the 
'imtian  a^  ia  perpendicular. 


FiauBs  or  Cboss-Sbctioit. 


I.  Hectanglej  hb;  b,  ncutnil  axiB, 
IL  Square,  h-, 


\- 


HI.   Ellipse:  neutral  axu,  6;  other  axis,  A;)      8 
IV.  Circle:  diameter,  A, )      K 


V.  Hollow  rectangle:  oat8idediniensions,A,6;^  6  A  (A  6  —  K  V 
inaido  dinieoaion 

VL   ]Iollow  square,  A'S  —  K^,. 


;,A,6;|  6  A  (A  6  - 
inside  dinieoaiotiB,  A',  6';  neutral  axis,  h,  3      A*  6  —  A'*  6' 

6A 

tphfa* 

Vn.  Circular  ring:  diameter,  outside,  A;  inaido,  A',     . .,       ,rt 

It  is  often  advisable,  espeoiallj  in  masonry,  so  to  limit  i 
deviation  of  the  centre  of  pressure  from  the  axis  of  the  pillar,  fl 
tliere  Rhall  be  no  tension  on  any  part  of  it.  This  condition 
fulfilled  when  the  least  pressure  is  positi\x>,  or  uothiug,  and  1 
jRroategt  stress  not  more  than  doulile  of  the  meaa  stress,  so  tha 
I*  -<ir/  8-^2;  and  consequently,  when 


^ 


^  x^S,' 


.(3.) 


the  reciprocal  of  the  quantity   of  whose    values   examples   hen 
just  been  given. 

The  modulus  of  resistance  to  direct  crushing,  as  the  tables  shov 
often   differs   oonsiderably   from  •  the   tenacity.     The   ztaturfl 
amount  of  those  differences  depend  mainly  on  the  modes  in 
the  crushing  takes  place.     These  may  be  classed  Vi  follows: — 

I.  Cruahlng  bt/  gplitting  (fig,  121),  into  &  number  of  neod; 
prismatic  Augments,  se^xirated  by  smooth  suriaces  whose 
4iirection  is  nearly  parallel  to  the  direction  of  the  load,  is  chametoE 
istic  of  hard  homogeneous  substances  of  a  glassy  textui'c,  such 
vitrillt'tl  Lrickd. 


•j 


Fig.  125.  Fig.  12«.  Ftg.  IJ7.  FIjj.  US, 

IT.  Crushing  by  sAsoring  or  didiiuj  of  portions  of  th^  block 
oblique  sorfoces  of  scparaUon.  \a  cVkoxuRtsscuSAb  qI  %\^tKiuu^!ifA 
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textnre,  like  cast  iron,  and  most  kinds  of  stone  and  brick, 
the  stiding  takes  place  at  a  single  plane  surface,  like 
B  in  fig,  126 ;  sometimes  two  cones  or  pytaraida  are  formed,  liko 
!,  in  fig,  1 27,  which  are  forced  towards  each  other,  and  split  or 
we  outwards  a  namber  of  wedges  surrounding  them,  like  to,  to,  in. 
m  figure.     Sometimes  the  block  splits  into  four  wedges,  as 

%  isa 

Th»  sadaces  of  shearing  make  an  angle  with  the  direction  of  the 
kshing  force,  which  Mr.  Hodgkinson  (who  first  fullj  investigated 
pbenoiBexia)  found  to  have  values  depending  on  the  kind  and 
lafity  of  material  For  different  qualities  of  cast  iron,  for  example, 
■t  angle  ranges  from  4ir  to  32^     The  git-atest  intensity  of  shear- 

I  stress  is  on  a  plane  making  an  angle  of  45°  with  the  direction  of ' 
ennhiag  force;  and  the  deviation  of  the  plane  of  shearing  from 

li  aa^e  shows  that  the  resistance  to  shearing  is  not  purely  it 
"iTe  force,  independent  of  the  normal  pressure  at  the  plane  of 
tniagf  but  consista  partly  of  a  force  analogous  to  friction, 
Knamng  with  the  intensity  of  the  normal  pressure. 
Mr.  Hodgkinson  considers  that  in  order  to  determine  the  tme 
lirtancfi  of  suljstances  to  direct  crushiniu,  experiments  should  be 
lide  on  blocks  in  which  the  projiortion  of  length  to  diameter  is  not 
than  that  of  3  to  2,  in  order  that  the  material  may  be  free  to 
ride  itself  by  shearing.  When  a  block  which  is  shorter  in  jiro- 
ition  to  its  diameter  is  crashed,  the  friction  of  the  dat  suj'l'aces 
which  it  ia  crashed  has  a  perceptible  effect  in  hoUlintj 
tofttheTj  so  as  to  resist  their  sejtai-ation  by  shearing;  and 
du  the  apparent  strength  of  the  substance  is  increased  beyond  its 

II  strength. 

Id  «U  STibetanceB  which  are  crushed  by  splitting  and  by  shearing, 
renstance  to  crushing  considerably  exceeds  the  tenacity,  as  tha  ; 
lies  ibow.     The  resistance  of  cast  iron  to  crushing,  for  example, 
18  found  by  Mr.  Hodgkinson  to  be  somewhat  more  than  six  times 
tenacity. 

HI.  Cruahing  by  bulging,  ot  lateral  swelling  and  spreading  of 
e  bli>ck  which  is  crushed,  is  characteristic  of  duetUe  and  tough 
laterials,  such  as  wrought  iron.     Owing  to  the  gitidual  manner  iu , 
lijch  materials  of  thia  nature  give  way  to  a  crushing  force,  it  ifl  ( 
ifficult  to  determine  their  resistance  to  that  force  exactly.    Thabi 
aistanoe  is  in  general  leas,  and  sometimes  considerably  lesja,  thiui 
»  tenacity.     In  wrought  iron,  the  resistance  to  the  direct  crush- 
»g  of  short  blocks,  as  nearly  as  it  can  be  ascertained,  ia  from 

4 
to  -  of  the  tenacity. 

IV.  Cru*hiftp  by  hucUinff  or  crippling  \a  characteristic  of  fibroxis 
'Imuacea,  under  the  action  of  a  thrust  along  the  fibres.    It  conaatA 
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Hn  a  lateral  bending  and  wrinkliag  of  the  fibres,  somcHmos  accoiri 

Rianied  by  a  s])littiDg  of  them  asunder.     It  takes  place  in  timber,  i] 

nlates  of  wrought  iron,  and  in  bars  longer  than  those  which  gif^ 

"way  by  bulging.     The  reaistauce  of  fibwrna  substances  to  cnuhi])^ 

is  in  general  considerably  less  than  their  tenacity,  especially  ''iHtfl 

the  lateral  adhesion  of  the  fibres  to  each  other  is  weak  cofnpaiM 

with  their  tenacity.     The  resistance  of  most  kinds  of  timbor  td 

13  J 

cnishing,  when  dry,  is  from  ^  to  ^  of  the  tenacity.    Moisture  in  thd 

timber  weaken.^;  the  lateral  adhesion  of  the  fibres,  and  reduces  Qm 
resistance  to  crushing  to  about  one-half  of  its  amount  in  tho  dijl 
state.  I 

Ids.  Cni«hiii«  br  CroM-brrnbing  is  the  mode  nf  fracture  of  colttmnflj 
and  stmts  in  which  the  length  greatly  exceeds  the  diameter.  Under  j 
the  brenking  loud,  they  yield  sideways,  and  are  broken  across  likaj 
beams  under  a  transverse  load.  I 

Tlie  laws  of  this  mode  of  breaking  were  investigated  exporimeih| 
tally  by  Mr.  Hodgkinson.  The  following  are  his  formulffi  for  ait^J 
iron  cylindrical  pillars: —  ^m 

When  the  length  is  not  less  than  thirty  times  the  diameter;^^ 
!$(>lid  pillai-s,  let  h  be  the  diameter  in  inc/ies,  L  the  length  m/M 
and  A  a  constant  multiplier;  then  g 

Breaking  load  =  A  /t^^-^L"; (I)    I 

for  hollow  pUlara,  let  A  be  the  external  and  h'  the  internal  diameWl  I 
in  inches;  then  I 

Breaking  load  =  A  (/i*<  —  A'^^  ^ U^. (2.)     I 

The  values  of  the  co-eiEcient  A  are  as  follows : —           tob^  I 

for  solid  pillars  with  rounded  ends, 14'j)  I 

„         „         „      fixed  ends, 44'^^  I 

for  hollow  pillars  with  rounded  ends, 13*0  ■ 

„        »        ,,      fixed  ends, 44'3«  1 

The  strength  of  a  pillar  with  one  end  fixed  and  tho  oticf  1 
rounded,  is  nearly  a  mean  betweeu  the  strength  of  two  pillars  of  ti*  | 
.same  duneutuons,  one  with  both  ends  fixed,  and  the  other  *^  I 
both  ends  i-ounded.  ] 

When  the  length  is  less  than  thirty  times  the  <1:  -'i* 

(linote  the  breaking  load  of  the  pillar,  computed  bv  >  'ioi 

loi-muls) : — 

Let  c  be  tlie  crushing  load  of  a  short  block  of  tU«  came  sectio* 
'*re«  -  X  sectional  area  in  square  incbw;  then 
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Aciaal  breaking  load  of  nillar=  -r-i—r—o 

4  6  -r  a 
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The  following  aro  formulie  deduced  by  Mr.  Lewis  Gordon  from 
Mr.  Hodgkiflson's  experiments : — 
liCt  P  be  the  crushing  load  of  a  long  rod  or  pillar,  in  lbs. ; 
I  the  Bcctional  area  of  material  iu  it,  in  square  iuchea ; 

'.Sw^mal  diameter,  }  ^°^^  ^  ^^«  ^^^'^  "°'*«  of  measure. 
Then,  approximately — 

''       (*.) 


P  = 


^+«-^ 

The  following  are  the  values  of /and  a,  for  pillars  fixed  at  both 
■  flads,  by  having  flat  capitals  and  bases : — 


J",  lbs.  per  inch. 
Wronght  iron  (rectangular  struts); 36,000... 


Cast  iron  (hollow  cylindrical  pillars);. ..80,000. 


I 

I 
'   800 


Timber  (rectangular  pillars); 7,200 — — 

Stnne  and  Brick  (rectangular  pil-  f    see  tables,    >     i 
Un);  t  PP-  361,76!)  fZ^ 

For  a  pillar  rounded  or  jointed  at  both  ends, 

/3 


Ps= 


1  +  4  a 


.(5.\ 


A2 


Might  iron  framework  and  machinery,  the  bars  which  net 

iu  order  that  they  may  have  sufficient  stiffness,  arc  nuidc 

w  forms  in  cross-section,  well  known   as  "angle  ii-on," 

n  1  iron,"  "  T-iron,"  •'  double  T-iron,"  &c.    As  to  the  quantity 

}hit  put  instead  of  /*  iu  such  cases,  see  Article  360,  page  522. 

WruuyfU   iron   cells   aro   rectangular    tubes   (geuei-ally   squaro) 

isiuilly  composed  of  four  plate  iron  sides,  rivetted  to  angle  iron 

haraat  the  c<>rpRra     The  ultimate  resistance  of  a  single  square  cell 

tocTvahw^  hj-  the  bnckliag  or  beading  of  its  sides,  wlieu  tlic  \i\ik\s.- 
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knf  the  platcB  is  nol  leas  tlian  om-tfiirtteth  of  the  diameter  of 
edt,  ta  determiQcd  by  Mr.  Fairbaim  aad  Mr.  HodgldnsoD,  is 

27,000  Ibfl.  per  nquare  inch  section  of  iron ; 

but  when  a  number  of  cells  exist  side  by  side,  their  stiffDeai 
increoaed,  and  their  ultimate  reaJatance  to  a  thniBt  muy  be  take^ 

33,000  to  36,000  lbs.  per  square  inch  section  of  iron. 

The  latter  coefficients  apply  also  to  cylindrical  cells. 

For  further  information  reapocting  the  application  of  eqnatid 
(4)  and  (5),  see  pages  620  to  5:24.  It  iu  to  be  observed  that  tb^ 
(urmulte,  as  they  stand,  are  strictly  applicable  only  to  cases  I 
which  the  lino  of  action  of  the  thrust  sensibly  coincides  with  ^ 
axia  of  the  strut;  that  is,  a  straight  line  traversing  the  centres  I 
its  crosB-aeotiona  When  the  line  of  action  deviates  from  the  a4 
of  the  stntt,  the  following  moditication  is  to  be  made:  let  z  be  t| 
grcuteiit  dovialion ,  r,  tlif?  radius  of'  tfi/ration  of  the  ctx>88-8ection| 
the  stmt  (us  to  which,  see  page  523);  then  to  tlie  divisor  in  eaj 
of  the  formuliie  (-1)  and  (6)  add  the  foUowiog  quantity: — 

^ m\ 

Tbib  Ttlaes  of  this,  for  some  ordinary  forms  of  section,  are : — 
Bolid  rectangle, ....__; 

Solid  cylinder, __; 

A 

Thin  hollow  cylinder, _— . 

h 
(Sec  also  pages  233,  234.} 

ItjD.  ne»tiMnwcc  *•  c'«iiapainK. — When  u  thin  hollow  cylinder] 
prcBsed  from  without,  it  gives  way  by  ooHapaing,  under  a  |)resn 
whose  intensity  has  been  found  by  Mr.  Fairbaim  {IViilos.  Tra 
1858)*  to  vary  nearly  according  to  the  following  laws: — 

Inversely  as  the  length ; 

Invcniely  as  the  diameter; 

Directly  as  a  function  of  the  thickness,  which  is  very  near 
power  whose  index  is  2*1 9;  but  which  for  ordinary  practical  pa 
Itoses  may  be  treated  as  sensibly  equal  to  the  tqwire  of  thej'^~' 
nesfl, 

Tlie  following  formula  gives  approximately  the  coUapmng  j 
p,  in  Iba.  on  tlic  square  inch,  of  a  plate  iron  flue  with  but 


*  S«  ibo  VufuL  InformaiMnJvr  £nymMr»^«fi>nA.1Hf«^^S^ 
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leogth  /,  diameter  d,  and  thickness  t,  are  all  expressed  in  tfie 

p=  0,672,000  ^^ (1.) 

I>i  f  uid  d  be  expressed  in  inches,  and  let  L  be  the  length  in 
•i;  the  above  formula  becomes 


p  =  806,000  ~. 


(2.) 


llr-  Fairbaim  having  strengthened  tubes  by  rivetting  round 
(hem  rings  of  T-iron,  or  angle  iron,  at  cquiil  distances  aptu-t,  finds 
iLat  their  strength  is  that  corresponding  to  the  length  Jrom  ring  to 
timg- 

Mr.  Fairbaim  finds  that  the  collapsing  pressure  of  a  tube  of  an 
iDiptic  form  of  crosH-section  is  found  approximately  by  substituting 
ia  (L  in  the  preceding  formuliE,  the  diameter  of  the  osculating 
drck  at  the  flatt^jst  part  of  the  ellipse;  tliat  is,  let  a  be  the  greater, 
t&d  h  the  less  semi-axis  of  the  ellipse;  then  we  are  to  make 


d  = 


2rt2 


(3.) 


lOO.  Acii««i  mf  tk  TrmHBT«n«  Ijoad  o«  b  Benm.  (^A.  M.,  288.) — 
It  has  already  been  shown,  in  Article  112,  p.  174,  how  to  determine 
irtions  between  the  resultiint  of  the  gross  load  of  a  beam 
wo  forces  which  support  it.  In  the  present  Article  thoso 
uloue  will  be  considered  in  which  the  loiiding  and  suppoi-ting 
are  parallel  to  each  other,  and  iu  one  jikuo. 
n  Article  1 22,  p.  1 84,  it  has  been  shown  how  to  determine  the 
icea  exertod  by  the  pieces  of  a  frame  which  are  cut  by  an 
sectional  plane,  in  terms  of  the  forces  and  couples  which  act 
of  the  portions  into  which  that  plaue  of  section  divides  the 
nunc. 

The  method  followed  in  determining  the  effect  of  a  transverse 
lotd  on  a  continuous  beam  is  similar;  except  that  the  resistance  a< 
tie  })lane  section,  which  is  to  be  determined,  does  not  consist  of  a 
fiaiu*  number  of  forces  acting  along  the  axes  of  certain  bjjm,  but  of 
I  distributed  sti-eas,  acting  with  various  intensities,  and,  it  may 
1*,  ia  various  directions,  at  different  points  of  the  section  of  tho 
loan. 
In  what  follows,  the  load  of  the  beam  will  be  conceived  to  con- 
weights  acting  vertically  downwards,  and  the  supporti 
will  also  be  conceived  to  be  vertical.     The  longitudinal 
bema  bezag^  perpeadicular  to  the  applied  forces,  'will  auccoxti' 


N 


I 
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ingly  be  horizontal.  The  conclusions  arrived  at  are  appl 
to  cas^s  in  which  the  axis  of  the  beam  and  the  direction  . 
applied  forces  are  inclined,  so  long  as  they  oi-o  pcrjxiadicu 
each  other. 

Let  any  point  in  the  longitudinal  axis  be  taken  as  the  on 
oo-oidinates ;  and  at  a  given  horizontal  distatice  as'  IVoin 
origin,  conceive  a  vertinil  sectiou  perpendicular  to  the  longiti 
axin  to  divide  the  beam  into  two  parti*. 

Let  F  denote  the  vesultfint  of  all  the  vertical  forces,  wl 
loading  or  8iip|>ortiug,  wluch  act  on  the  part  of  the  beam  t 
left  of  the  vertical  plane  of  section,  and  let  x"  l>e  the  horii 
tiistanco  of  the  line  of  action  of  that  resiLltant  fi-om  the  origin 

If  the  beam  is  strong  enough  to  Bustain  the  forces  applied 
there  will  be  a  ahearing  alreu  eanal  and  op[>osite  Ui  F,  distri] 
(in  what  manner  will  aftorwaros  apiwair)  over  tlio  given  ve 
Ri'ctinii;  !\iul  thiit  shtuuing  stress,  or  vortical  resistance,  will 
Btititte,  aloug  with  the  resultant  applied  force  F,  a  oouplo  ^ 
luomeiit  is 


M  =  F{x'-x') 


Thia  is  called  tlie  htnding  mometU  or  moment  ofjtexwn  of  the 
at  the  vertical  section  in  (jucstion;  it  is  reai.sted  by  the  direct 
at  that  section,  in  a  manner  to  be  explained  in  the  sequel;  a 
tendd  to  make  tlio  originally  straight  longitudinal  axis  of  the 
become  concave  in  the  direction  towartls  which  the  rew 
applietl  foixe  F  acts. 

Tlic  mathematical  process  for  finding  F  and  M  at  any  | 
cross-section  of  a  beam,  though  always  the  same  in  principle, 
be  varied  considerably  iu  detail.  The  following  is  on  the  ^ 
the  most  convenfent  way  of  conducting  it. 


aUS 


A«^|&j^ 


'•'jI 


I 


Fig.  ISO. 


>*&     W,    -VS  AX> 

Fig.  130. 


I. 


Fig.  129  represents  a  beam  aiijijxirted  at  both  ends,  and  lo 
between  them.  Fig.  130  represents  a  beam  supportal  and  ;fan 
one  end,  and  loaded  on  a  ^ivo^ecVivn^  yyc^AUiu.    ^  v  ^"^  ^^nMi 
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Etli«  supporting  forcos;    in  fig.   129,  "Wj,  Wj,  Wg,  «tc., 
portions  of  the  load ;  in  fig.  1 30,  Wq  represents  the  end- 
ion  of  the  load,  and  Wj,  Wg,  Wj,  other  portions;  in  hoth 
ATj,  Atj,  Aa-j,,  «kc.,  denote  the  lengths  of  the  pai-ts  into 
the  lines  of  nctiou  of  the  pottioos  of  the  load  divide  the 
ttal  asis  of  the  beam. 

figureo  represent  the  load  as  applied  at  detached  ])oints; 
len  it  is  continuously  diHtributed,  the  length  of  any  in- 
!ly  short  portion  of  the  beam  will  lie  denoted  by  d  x,  the 
ty  of  the  lo«d  upon  it  ;wt  unit  of  krigt/i  by  tc,  and  the 
t.  of  the  load  upon  it  by  «>  d  x, 
process  to  be  gone  through  will  then  consist  of  the  following 

•  L  To  find  tJie  Supporting  Fovea. — ^Assume  any  convenient 
n  the  horizontal  axis  as  origin  of  co-ordinates,  and  find  the 
e  a^  of  the  resultant  of  the  load  from  it,  by  the  method  of 
I  97,  Division  VIII ,  p.  143,  for  forces  acting  through 
points,  and  by  the  method  of  Article  104,  Division  V., 
a  continuously  distributed  load ;  that  is  to  say, 


2W^ 
I X  w  d  X 


or 


ira=r. 


J 


w  d  X 


.(2.) 


JQ  Article  112,  p.  174,  find  the  two  supporting  forces, 
2,  that  is  to  say,  if  x^  and  x^  be  the  distances  of  the 


(3.) 


.support  from  the  origin,  with  their  proper  signs,  make 
P,  =  ^'»2-W(or/«;c/x);' 

*2 ^  J 

To  find  Uie  Shearing  Forces  at  a  Series  qfSecUont — In 

ition  soever  the  origin  of  co-ordinates  may  have  been 

ie  previous  step,  assume  it  now,  in  a  beam  supported  at 

to  be  at  one  of  the  points  of  support  (as  A,  fig.  129),  and 

fixed  at  one  end,  to  be  at  the  loaded  point  farthest  from 

1  (as  A,  fig.  130).     Consider  upward  forces  as  positive, 

I  negative. 

"Hearing  force  at  any  given  cross-section  of  the  beam  is 

^  aU  the  forces  acting  on  the  beam  from  the  origin  to 

ionj  BO  that  at  the  series  of  points  where  P^,  Wj, 

p.,  act  in  fig.  129,  and  where  W^,  W^,  Wj,  W,,  <kc.,  act 

it  ias  the  aeriea  of  Ka/ae% 
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In  Fig.  129. 
Fi  =  Pi-Wi; 

and  geneiaUj, 

F  =  Pi  — 2-Wj...(4.) 


In  Fig.  130. 

—  Fi=:Wo  +  Wj; 
_F,  =  Wo  +  Wi+W,; 
_F8  =  Wo+Wi+W,+W 

and  generally 

—  F  =  2W;....(5.) 


so  tbat  the  sheaiiag  forces  at  a  series  of  sections  can  be  compntt 
by  succesaive  subtractions  or  sucoessive  additions,  as  the  at 
may  be. 

For  a  continnously  distiibnted  load,  these  equations  beoon 
respectively. 

In  a  beam  supported  at  both  ends,  F  =  P^  —  /     lodx;  (6.) 

In  a  beam  fixed  at  one  end  —  P  =  /    *o  d  x; (7.) 

in  which  expressions,  a/  denotes  the  distance  from  the  origin  A  t 
the  plane  of  section. 

Tlie  symbol  —  F  denotes  that  the  shearing  force  is  downvanL 

The  GreateM  Shcnring  Force  acts  in  a  beam  supported  at  boti 
ends,  close  to  one  or  other  of  the  points  of  support,  and  its  valw 
is  either  Pj  or  Pg.  In  a  beam  fixed  at  one  end  the  greatest  shear 
ing  force  on  the  ])rojecting  part  acts  close  to  the  outer  jwint  oi 
support,  and  its  value  is  equal  to  the  entire  load. 

In  :i  buam  supported  at  both  ends,  the  Shearing  Force  raaMMat 
some  intermediate  section,  whose  position  may  bo  found  fiMB 
equation  4  or  eqiuition  C,  by  making  F  ^  0. 

Step  III.  2'o  fiiul  tlie  Bending  Monients  at  a  Series  of  Sediotit 
— At  the  origin  A  there  is  no  bending  moment.  Multiply  tht 
length  of  each  of  the  diA-isions  A  a;  of  the  longitudinal  axis  of  til 
beam  by  the  shearing  force  F,  which  acts  at  the  outer  end  of  tW 
division;  the  first  of  the  producta  so  obtained  is  the  bending 
moment  at  the  inner  end  of  the  first  division ;  and  by  adding  to  it 
the  other  products  successively,  there  are  obtained  successivdj  thl 
bending  moments  at  the  inner  ends  of  the  other  divisions  ik 
succession.* 

That  is  to  say, — ^bending  mcment, 


lUi  pnmt  b  anbrtutialljr  tin  ume  with  that  amplogrod  hy  Kr.  H<rtri 
a^  te  bk  woric  Oa /rod  Aw(^  to  oomi        ' 


I  compute  the  ttam  in  a  '"'"■ttiw  (U* 


^^^m  A  =  0; 

i'"  ka  of  action  of  Wjj  Mi  =  Fq  "  Aajjj 
„         W3;M,  =  FoAXi  +  F,.Aa-,  +  P,.A«,; 
and  gemerally,  M  :=  2  •  F  A  z.  (8.) 

tka  dUntiona  ax  are  of  equal  letigUi,  this  becomes 

M  =  A  a   2  Fj (9.) 

Sar  A  oontmuoualy  distributed  load, 

M  =  ['  F  J  ax (10.) 

|^^re«  preceding  equations,  8,  9,  and  10,  are  applicable  to 
^■ibethcr  supported  at  both  euds  or  fixed  at  one  end.     By 
BB*"g  for  F  in  equation  10  its  values  as  given  by  eqnationa 
I  7  respectively,  we  obtain  the  following  results : — 
r  &  bmm  supported  at  both  ends, 

^^B  =Pjx'— j"    (x^  —  x)iodxi (ll.J 

r  a  'beam  fixed  at  one  end, 

—  M=J    J\d3^  =  f^  {x'  —  x)todxi (12.) 

of  which  equations,  the  symbol  —  M  denotes  that  the 
loment  acts  downwards. 

I  Bciuiiac  nomc-nt  acts,  in  a  beam  fixed  at  one  end, 
Iter  point  of  support;  aod  in  a  beam  supported  at  both 
the  ficction  where  the  shearing  force  vauisbett,  found,  as 
Bted  in  Step  IL,  from  the  equation  F  :=  0. 
the  load  on  a  beam  supported  at  both  ends  is  sym- 
distributcd  relatively  to  its  middle  section,  the  Greatest 
Moment  acts  at  that  section;  and  it  is  sometimes  con- 
"U>  assume  a  point  in   that  section   as  the  origin  of  oo- 

rlV.  To  find  the  effect  of  eomitntn^  teveral  Loads  on  one 
whose  separate  aetione  are  knoum; — for  each  cross-section,  the 
^ag  force  is  the  som  of  the  shearing  forces,  and  the  bending 
fat  th«  «nm  of  the  bending  moments,  which  the  loads  would 
^  BqnmteJ^. 
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Step  V.  To  deduce  Ute  SJiearing  Force  and  Bending  Moment  in 
Beam  ffonv  Uu>9«  in  anotfter  Beam  aimHa/rly  tuppwlod  and  loot 
— This  is  dune  by  the  aid  of  the  following  principle* : — 

When  beatii*  differing  in  length  and  in  the  anwnnts  qf  tJie  lo^ 
upon  tliem  are  similarly  mtpported,  ami  have  tiieir  leads  aimi/artjftA 
tributed,  Uie  efuiaring  forces  at  corre.»ponding  section*  in  Uiem  tufy 
tlie  total  loads,  and  the  bending  mome/Ue  as  tJte  products  ofOie  loot 
and  lengtfa. 

This  itriDci]^1c  may  bo  expressed  by  symbols  in  either  of  the 
following  ways : — 

I'irst,  Lot  /,  I,  denote  the  lengths  of  two  beams,  similarly  sa 
ported ;  let  W,  W',  dunute  their  total  loads,  similarly  diKtributct 
let  F,  J",  Ik)  the  shearing  torcfs,  and  M,  M',  the  bending  momoiil 
at  sections  aimilarly  situated  in  the  two  beams;  then 


W:W: 

i  W  :  f  W 


F:F;.. 
:  M  :  M'. 


.(13.) 
.(11) 


Steondlif,  Let  k  and  m  he  two  nTimerical  factors,  depending 
the  way  in  which  a  boara  is  supported,  the  mode  of  distributwi 
its  load,  and  the  positiou  of  tlie  cross-section,  tmder  considi 
then 

r  =  iW; ( 

M  =  mWt 

Loads  upon  beams  are  stated  either  in  pounds,  hundred 
or  tons ;  lengths  of  beams,  in  feet,  or  in  inches ;  and  aocordii^ 
the  unita  of  load  and  length  cmj^loyed,  the  unit  of  bending  mol 
is  a  foot-pound,   an   indi-pmtnd,   a  foot-hundredweighi,    an 
hundreduvigfii,  afoot-ton,  or  an  incft-toti,  as  the  case  may  be. 

As  the  transverse  dimensions  of  beams  are  expressed  in  i 
and  their  moduli  of  strcngtli  in  pounds  on  the  square  inch, 
most  convenient  unita  are,  the  pound,  the  inch,  and  the  s 
pound. 

The   following  is  a  comiuirison  of  different  unit     of  brndU 
tnomad. 


161. 


Inch-lba. 
13  = 

1344  = 
2240  = 
26880  r^  2240  T=  240  =  20  =:  13  =  I  Foot-ton. 

Szaniptoa    of  the  A.c«\«n  •(  «^  Xf&vmtMK  V««*.  wa^.  m.'^ 


1    Ft-lb. 

9J  =:      I  Inch-cwt 
112    =    13=    I    Foot-cwt. 
i86|  ;=:    20  ^    "I  =    I  Inch-ton. 


+1 


In 

"  SI 


\trsi 


^i;: 


^i:: 


i 


'u\Z 


M 


J     I' 


!§-| 


VijT 


•g  a  3  3        a 

-1*1     a 
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I  >->Xn  each  example"  in  the  preceding  table,  I  denotes,  for  a  beam  fixed 

>  at  one  end,  the  length  measured  from  the  outer  point  of  support  to 

the  &rthest  projectiug  loaded  poLut,  and  for  a  beam  supported  at 

loth  ends,  the  length  or  span  l>etwecn  the  points  of  support;  W 

the  total  load;  F  and  M  denote  the  shearing  force  and 

iff  moment  at  any  cross-section  situated  at  the  distance  3! 

tbe  origin  (which,  as  in  the  preceding  article,  is  the  point 

M  =  0);  Fj  denotes  the  greatest  shearing  force;  x\   the 

■n  of  the  section  where  it  occurs;  M^  the  greatest  bending 

it ;  a^o  the  jxjsition  of  the  cross-section  where  it  occurs ;  k,  m, 

I  two  fiutors  employed  in  equations  15  and  16,  for  the  sections 

greateert;    shearing    stress  and   greatest   bending   moment  re- 

ively;  that  is  to  say, 

k=Fi  -^  W;  j7»  =  Mo  -  W  Z.  (1.) 

To  truuform  the  expressions  in  the  preceding  table,  Cases  IV. 
to  VIL,  which  are  suited  for  co-ordinates  measured  from  one 
Itoiiit  of  8up[X)rt  of  a  beam  supported  at  both  ends,  into  expressions 
nited  for  co-ordiuutes  measured  from  tbe  middle  of  the  beam,  let 
t  be  the  half-sjxin,  and  substitute  2  c  for  f.,  c  —  x  for  a/,  and 
r  -•-  X  for  I  —  a!,  throughout  the  whole  of  that  part  of  the 
tebl«. 
In  the  following  example,  a  beam  supported  at  both  ends  ia 
to  be  loaded  at  a  aeries  of  detached  points,  which  divide 
agth  of  the  beam  into  N  equal  divisions,  so  that  the  length 
oe  of  those  divisions  is  i  -j-  N.  The  origin  of  co-ordinates  being 
point  of  supi>orc,  the  plane  of  section  in  each  example  is  suji- 
to  be  immediately  beyond  the  n'^  division  from  that  point 


Case. 

F 

*'i 

, 

M 

x'^ 

m 

WflTL  Each  inter- 
^neduite      point 
■feadod  with  w, 

r 

oto/ 

or 
N-1 

IU>1 

^-\ 

n(N  -  >i), 

^(N  eron); 
N-1     ' 

'2      N 

,   N-f-1 
to -2- 

jj  (N  0(1.1) 

(N  even) 

1 
8 

(Noda) 

r*  vftK  IX.  Travelling  Load. — A  beam  of  the  span  I  is  supported 
two  ends;  a  permanent  load  of  the  uniform  intensity  of  10 
r  lineal  foot  is  distributed  over  it.  An  additional  lo^ui,  such 
weight  of  a  railway  train,  of  to'  lbs.  [ter  lineal  foot,  giudualiy 

<i^  t/fl  to  the  beam  from  one  end,  covering  it  at  last  tVoTO  end 


XATERIAtS  AKD  arTRUCTUREEL 


€n«l,  and  then  rolls  off  iigain  at  the  other  end.  It  ia  reqnil 
find  the  greatest  shearing  force  at  any  given  section,  aud  ah 
greatest  bending  moment 

The  Greatest  Shearing  Force  at  a  given  cross-section  occurs 
the  longer  of  the  two  aegraenta  into  which  it  divides  the  be 
loaded  with  the  travelling  load  as  well  as  with  the  jjermj 
load,  and  the  shorter  loaded  with  the  permanent  load  only. 
P  denote  that  force,  and  x  tho  distance  of  the  sectioa  in  q^ 
from  the  nearer  end  of  tho  beam ;  then  ■ 

l         \    .   It/  (/  —  xf  . 


F  =  «,(|-x)  + 


■21 


Thifl  formula  may  be  rendered  somewhat  more  Bymmetria 
taking  the  middle  of  the  beam,  instead  of  one  of  the  ends,  as  ori| 
co-ordinutcs.     Let  x\  thcjj,  denote  the  distance  of  the  secti* 
question  from  the  laiddlo  of  the  beam,  and  c  ^  ^  -7-  2,  its 
span;  then  x  ^c  —  x'^  aud 

¥'=zwx  +  — ~^ — - ( 

i  0 

The  Greotcat  Bendhig  Moment  at  each  section  occurs  •wiei 
travelUug  load  extends  over  the  whole  length  of  the  beam;  80 
in  this  respect  no  difference  exists  l>ctween  the  present  caw 
case  VI.  of  the  preceding  table;  that  is  to  say, 


xr  _{v}-\-  w')x(l  —  x) 
2 


(10  +  tp')  (c^  —  a^ 
2 


••( 


The  preceding  principles  arc  represented  graphically  bj 
following  oonstructiou.  In  tig.  131,  let  A  B  i-epresent  the  sp 
the  beam ;  bisect  it  in  C.  Tbpougb  A  draw  DAE  perpe^idi 
to  A  B,  and  take  A  D  to  represent  half  the  greatest  permanent 
that  ia,  A  D  ^  w  I  ^  2,  and  A  E  to  represent  on  the  same  scalt 
t/ie greatetii  tratdi'uu/  bad,  thut  is,  A  E  =  to'  i  -4-  2,  Draw  the  str 
line  0  D;  also  the  parabola  B 
having  its  vertex  at  B,  touching 
About  C  describe  the  semicircle  A 
and  consider  CI  ¥^,  or  the  sqvia 
the  radius  of  that  aemicircle  pe 
dicular  to  A  B,  as  representing 
greatest  beiidiwj  mxrmenX  at  Ota  mid 
the  beam,  or  (to  +  «?')  P  ^  8.  I 
represent  the  poaidon  of  any  1 
section  of  the  beam.  Draw  H  G 
tT^cn dicular  to  A  B;  thea  U  I  will  represent  the   gn 
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2i 


axing  force  at  that  section,  and  G  K'  the  greatest   bending 
uent. 

Hie  ordinate  C  L  of  the  parabola  at  the  middle  of  the  span, 
ia^  on«-fourth  of  A  E,  represents  the  greatest  shearing  force  in 
D  middle  of  the  beam,  which  is  one-eighth  of  the  greatest 
iKvdliiigload,  or  loW  -f-  8. 
Case  jL — If  a  beam  has  equ^  and 
ifonle  couplet  applied  to  its  two  ends, 
-for  example,  if  the  beam  in  fig.  132 
H  the  coQple  of  equal  and  o])posite 
bres  P,  applied  at  A  and  B,  and  the 
K»ple  of  equal  and  opposite  forces  Pg  at 
C  uid  D,  and  if  the  opposite  moments, 


tP/ 


J- 


IrPy 


♦P- 


Fig.  132. 


Pj'AB  =  P2-CD  =  M, 


.(5.) 


^■tooal,  then  each  of  the  endmost  divisions  of  the  beam,  A  B  and 
^B  b  in  the  condition  of  a  beam  fixed  at  one  end  and  lotuicd  at 
■Tother  (Case  L);  and  the  middle  division  B  C  is  subject  to  the 
tt^orm  momeni  ojf flexure  M,  and  to  no  shearing  force. 

162.  Rcatattace  I*  Crosv-BrcnklBs — Tranarcme  Slrraglb.  {^A.  M,, 
&3  to  295,  300,  310.) — The  bcndiDg  moment  at  each  cross-section 
f  a  beam  bends  the  beam  so  as  to  mate  any  originally  plane  layer 
f  the  beam,  perpendicular  to  the  flirectioa  of  the  load,  become 
ODcare  in  the  direction  towards  which  the  moment  acts,  and  convex 
a  the  opposite  tlirection.  Thus,  fig.  133  represents  a  aide  view 
i  a  short  portion  of  a  beam  su])ported 
it  the  ends  and  loaded  at  intermediate 
foiota;  CC  is  a  layer,  originally  plane, 
ntd  perpendicular  to  the  dii^ction  of  the 
^,  which  is  now  bent  so  as  to  become 
IWK*ve  above  and  convex  below. 

The  layers  at  and  naar  the  concave 
Biiie  of  the  beam  A  A'  are  shortened, 
Bd  tie  layers  near  the  convex  aide  B  B'  lengtliened,  by  the  bending 
Mian  of  the  load.  There  is  one  intermediate  surface  O  0'  which 
IBnther  lengthened  nor  shortened;  it  ia  called  the  "neutral  tut' 
tfe"  The  particles  at  that  surface  are  not  necessarily,  however, 
I  a  state  devoid  of  strain;  for,  in  common  with  the  other  piirticlea 
the  beam,  they  are  compressed  and  extended  in  a  pair  of  diagonal 
(Ktkma,  making  angles  of  ib"  with  the  surface,  by  the  shearing 
turn  of  the  load,  when  such  action  exista. 

The  condition  of  the  particles  of  a  beam,  produced  by  the  com- 
aed  bending  and  shearing  actions  of  the  load,  is  illuntrnted  by  fig. 
represents  a  vertical  longitudinal   section  of  a  rect- 


Fig  133. 


i 


Fig.  184. 
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angular  beam,  supported  at  the  cnd^,  and  loaded  at  intor 

pointa.      It  is   covered  with 


work  conaisting  of  two  seta  of 
cutting  each  other  at  right 
The  curves  convex  upwarda 
of  direct  thrust;  those  convex 
wards  are  liria  of  direct  tension. 
pair  of  tangents  to  the  pair  of  curves  which  traverse  any  particle, 
tlieaa)e»o/'«<re»»ofthatpai'ticle.  (See  Art  108,  p.  1C7.)   Tho»i«ifti 
surface  is  cut  by  both  sets  of  curves  at  angles  of  45°.     At 
vertical  section  of  the  beam  where  the  shearing  force  vaniabeo, 
the  bcndingmoment  is  greatest,  both  sets  of  curves  become  horiwal 
Except  ia  cases  to  be  afterwards  specified,  it  is  unneoesakiy 
consider  the  shearing  action  of  the  load  on  a  beam. 

When  a  beam  breaks  under  the  bending  action  of  its  load, 
gives  way  either  by  the  crushing  of  the  compressed  side,  A  A', 


by  the  tearing  of  the  stretched  side,  B  B'. 

In  fig. 

A 


Fig.  136. 
giving  way 


135,  A  represRnli 
beam  of  a  granular  materi 
like  cast  iron,  giving  way 
the  crushing  of  the  com 
side,  out  of  wliich   a  sort 
wedge  ia  forced.     B  repi 
by  the  tearing  asunder  of   the  stretdhl 


•  beam 
aide. 

The  naittaneg  of  a  bctam  to  bending  and  oross-bi'caking  at  i 
given  cross-section  is  tlio  moment  of  the  couple,  oonsii^ting 
the  thrust  along  the  longitudinally-compressed  layers,  and  tli 
equal  and  opposite  tension  along  the  longitudinaUy-atretclii 
layers. 

It  has  been  found  by  experiment,  that  in  most  cases  which 
in  practice,  the  longitudinal  stress  of  the  layers  of  a  beam 
without    material    error,   be    assumed    to   1>e  uniformlj 
(Article  106,  p.  163),  its  intensity  being  simply  pro; 
the  distance  of  the  layer  from  the  neutral  surface. 
_  Let  fig.  136  represent  a  cross-section  of  a  beam  (such  u 

^K  represented  in  fig.    133),   A  the  compreaiod 

^V  A  B  the   extended   aide,  C  any  layer,  and  O  0 

r  vj       ~)      neutral  axis  of  the  section,  being  the  line  in  vl 

I  «».- r^„yrr..o     it  is  cut  by  the  neutral  surface.     Let  p  denote 

I  I  I  intensity  of  the  stress  along  the  layer  C,  and  y 

I  C)  distance  of  that  layer  from  the  neutral  axis;  b 

■  ]<  the  stress  is  uniformly  varying,  p  ->•  y  is  a  co 

^^^      F]£.  183.  quantity.    Let  that  constant  be  denoted  for  the 

^^^^  sent  by  a. 


MOVKXT  or  BSSISTTAXCB  TO  CIIOBS-DREAKIXO. 

l>t «  b©  the  breadth  of  the  layer  C,  and  d  y  iti  thickuesaj 
Then  the  amount  of  the  stress  along  it  is 

pzdy^a*/  zdy; 

ummnt  of  the  stress  along  all  the  layers  at  the  given  cross- 


is 


ajyzdy; 


this  MDOont  inust  be  nothing, — in  other  -n'ords,  the  total 
>and  total  tenaicm  at  the  cross-sectiun  must  be  equal, — because 
ibroea  applied  to  the  beam  are  wholly  transverse ;  from  which 
[ilioUowa,  tiiat 


jvzdy  =  0 (1.) 


jmd  the  nmttral  axi*  traverses  the  centre  of  gravity  oftht  croes-seiA'um, 
Tl  J  .  s  the  neutral  axis  to  be  found  by  the  aid  of 

I  in  Articles  104  and  105,  pp.  152  to  158;  it 
borDt;  iu  miud  that  the  process  of  finding  the  centre  of  gravity 
.  given  plane  tigxire  is  the  same  Mvith  that  of  lindiug  the  centa:© 
Igmvity  of  a  homogeneous   uniformly  thick  fiat  plate  of  that 

To  find  the  greatest  value  of  the  constant  p  -i-y  consistent  with 
strength  of  the  beam  at  the  given  cross-section,  let  y„  be  the 
of  the  compressed  side,  and  y^  that  of  the  extended  side 
the  neutral  axis;  /.  the  greatest  thrust,  and  /*  the  greatest 
ion,  which   the   material  can  bear  in  the  form  of  a  beam; 
tpate  /,  -1-  y^  awd  /»  -j-  y^  and  adopt  the  lesa  of  those  two 
as  the  value  of  p  -j-  y,  wliich  may  now  be  denoted  by 
.Vi'  /^"'"g/-  or/^,  and  y^  being  y,  or  y^  according  as  the 
o  is  liable  to  give  wiiy  by  crushing  or  by  tearing. 
Tilt?  moment  relatively  to  the  neutral  axis,  of  the  stress  exerted 
-  ug  any  given  layer  of  the  cross-section,  is 

ypzdy  =-^y^zdy; 

lad  the  sum  of  all  tmch  moments,  being  the 

ifaMwf  or  Beaiainare  of  tho  given  ci-oss-section  of  the  beam  ti 
bseskijig  acroea,  is  given  by  the  formula, 


lA^^  jpyzdy=  ^j  rf^*dy\ 


.(2.) 


k 


Itib 


4 


XQftking j ^  9  dy  =  1^ 


WTicn  the  breaking  load  is  in  question,  tlie  oo-cfficient/is  wh< 
is  called  the  uoddlds  or  bcpture  of  the  material.  It  dots  nc 
always  agree  with  the  resistance  of  the  siiiue  matcriiil  to  «Jint!| 
crusliing  or  din<ct  t(«ring,  but  has  a  special  x^aluo,  which  cau  I4 
found  by  experiments  on  cross  breaking  only.  One  of  tho  caumi 
of  this  phenomenon  is  probably  tho  fact,  already  stated  in  Artick 
15i,  p.  229,  that  the  resistance  of  a  material  to  a  direct  iUvts  i 
increased  by  preventing  or  diminishing  tho  alteration  of  its  trails' 
verse  dimensions;  and  another  cause  may  be  the  &ct,  that  tha 
strength  of  masses  of  metal,  especially  when  cast,  is  greater  in  tbi 
external  layer,  or  skin,  than  in  tho  interior  of  tho  mass.  When  ■ 
bar  >a  diivctly  toni  asunder,  the  strength  indicated  is  that  nf  the 
•weakest  part  of  tho  moss,  which  is  in  tlie  centre  j  when  it  is  hrok<rtt 
across,  tho  strength  indicated  is  that  either  of  the  skin,  which  H 
the  stitiugcst  part,  or  of  some  j)art  near  the  skin. 

Wlien  the  proof  load  or  unyrking  load  is  in  qiicsrtion,  the  eo- 
efficient  f  ia  tho  modulus  of  rupture  divided  by  a  suitable  factor 
o/tafay,  as  to  which  see  Article  143,  p.  222. 

The  factor  denoted  by  I  in  the  i>receding  equation  is  what  It 
conventioniiUy  called  the  "  vwmetd  of  inertia"  of  the  cross-section 
of  tho  beam.  For  sections  whoso  figures  are  similar,  or  are  pamlW 
projections  of  each  other,  the  moments  of  inertia  are  to  each  other 
OS  the  breadths,  and  as  the  cubes  of  the  depths  of  tho  sections;  aud 
the  values  of  i/j  are  as  the  depths.  If,  therefore,  6  be  the  breftdth 
and  h  the  depth  of  the  rectangle  circumscribing  the  cross-sectiou  of 
a  given  beiim  at  the  point  where  the  moment  of  flexure  is  greateit, 
▼e  may  put 

I  =  n'6A3 (8.) 


y=m'h. 


.(i) 


n'  and  m'  being  numerical  factors  depending  on  the  fonn  ot 
section ;  and  making  71'  -i-  m'  =  n,  the  moment  of  resistance  aaj 
bo  thus  expressed, — 

Mo=n/6A« (fi.) 

it   appears,  that  the  retittaneu  of  timilar  erou-seetion*  t9 
^breaking  are  aa  thsir  brcadlfa  ana  <u  th$  fjuorsf  of  tli^ 
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relation  between  the  loaJ  and  tlie  dimensions  of  a  beam  is 
equating  tlie  value  of  the  greatest  bending  moment  in 
the  load  and  length  of  tlie  beam,  aa  given  in  Article  ICO, 
ons  10,  11,  12,  and  16,  pp.  243,  241,  to  the  value  of  the 
of  resistance  of  the  beam,  at  the  cross-section  -where 
ftftt  greatest  bending  moment  acta,  aa  given  in  equation  5  of  this 
Aitidcj  that  is  to  s&j. 


Mo  =  OT\VU»/6;i«, 


.(6.) 


•  twng  the  co-efficient  depending  on  the  mode  of  distribution  of 
ihi'  load,  as  defined  by  equation  1  of  Article  ICl,  p.    247,  and 

{irca  for  narticuhu*  cases  in  the  tables  and  examjilca  of  Article 
fil. 

using  the  above  equation  6,  it  is  to  be  understood  that  the 

unit  of  measure  is  to  be  employed  for  all  the  dimensions  of 

hcMa ;    and  inasmuch  as  the  values    of    the   "  modulus  of 

y' given  in  tables  are  generally  stated  in  pounds  on  tlic 

inch,  so  that  the  inch  is  the  proper  unit  for  the  transverse 

ions  b  and  h,  the  length  or  sjmn  I  ought  to  be  exjjressed  in 

also,  80  that  the  bending  moment  will  be  computed  in  incJi- 

finding  the  value  of  the  moment  of  inertia  I  of  cross-sections 
Dmplex  figure,  the  following  niles  are  useful : — 

complex  cross-section  is  made  up  of  a  number  of  simple 
conceive  the  centre  of  gravity  of  each  of  those  figures  to  be 
by  a  neutral  axis  jmrallel  to  the  neutral  axis  of  the  whole 
Find  the  moment  of  inertia  of  each  of  the  component  figures 
ely  to  its  own  neutral  axis;  multiply  its  area  by  the  square  of 
distance  between  its  own  neutral  axis  and  the  neutral  axis  of 
!he  whole  section;  and  add  together  all  the  results  so  found,  for 
the  Doment  of  inertia  of  the  whole  section.  To  express  this  in 
fTmbols,  let  A'  be  the  area  of  any  one  of  the  component  figures,  y* 
tlw  distance  of  its  neutral  axis  from  the  neutnJ  axis  of  the  whole 
(Klion,  I'  its  moment  of  inertia  relatively  to  its  own  neutral  axis; 
the  moment  of  inertia  of  the  whole  section  is 


Jkitl 


i=2-r+2y«  A'. 


.(7.) 


en  the  figure  of  the  cross-section  can  be  made  by  taAntiff 
fliwy  one  sampler  figure  from  another,  so  that  the  centre  of  gravity 
of  tie  whole  figure  is  found  by  guhtraction  (as  in  p.  154),  both 
tiie  Km  and  the  moment  of  inertia  of  the  subtracted  figure  are 
tnle  considered  as  negative,  and  so  treated,  in  making  use  of 
7- 


I 


•mMn  7. 


I 
I 
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163.    EzmnpUa   of  n*iNriil  mf  Mealiifce. — The    followmg    i 

contains  examples  of  the  values  of  the  factors  n',  m',  and  i 
eqtiations  3,  4,  and  6 : — 


FoBJi  or  CR088  Sccnoira. 

I.  RecUngloAA,  , > 

(iadudiog  iquarB)  | 

II.  Ellipse— 

Vertic*!  axiiA...... ...^ 

Ilorizental  axisi, r 

(including  circle)  } 

III.  HolIowrocUngKftA— 6'A';  Blaol 

I-fonned  Mciion,  where  i'  ia  I 
the  lum  of  the  brcadtiu  of  the  I 
lateral  hollows, J 

IV.  Hollow  B<ju«rfr—  \ 

A*  — A" / 

T.  Holloir«lliiifl«, 

VI.  HoUowdrelo,  

VII.  Lrasoeles  truin);1c;  bate  &,  height) 
A;  yi  meastired  from  summit,) 


I 
12 


64     20-4 
=  0-0401 


12V.  6AV 


12V*       k*J 


20-4  V         bk'J 


20-4  v.*       h*J 


~T  » 


1_ 

30 


Ma 


as  "10-2 

=  0-091 


If,    ki 


Hi-''" 


rki^- 


J 


The  following  examples  are  not  well  suited  for  introduc' 
the  tables: — 


itroductl^l 

m 

DeptlttL 


Example  VIII. — T-formed  section. 

Areas. 
Flange  or  tablej ....A^ 

Vertical  vreb, Aj 

Totals,  Ai  +  A,  =  A;  h^-\-h^=h. 

Exact  ^^o^tJ^ioTk— Distance  of  the  neutral  axis  from  the 
vertical  web,^ 
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yi     2  2  A 

of  Inertia  of  whole  Bection, — 

^~  13  ■*"  4A  ' 

of  Resutoaoe,  as  before, — 


M«=' 


■A 


.(1.) 


Soluium. — ^Wten  A,  is  small  compared  with  Aj,  make 
then,  the  following  are  nearly  correct  :-^ 


*.4'('^^)'-KB'-iA-^)'  1 


3     Aj  Aj 
12       4A 
/I    /A^(A  +  3A^)A,. 
^-f,-T         A  +  Aj      ' 
_/A'  Aj(A54^4A^ 
"  6  '~A,  +  2Ai 


•(2.) 


IX- — Double  T-formed  section.     Tlie  beam  is  assumed 
%j  by  the  tearing  of  the  lower  flange  or  table 
te  areas  and  depths  of  the  parts  of  which  mJT 

consists  be  denoted  as  follows : — 


Areas. 

^     flange  or  table Aj, 

Itical  web,  A^, 

■flange  or  table, A,, 


Depths. 


•Aj  +  A4,  +  A3  =  A,  /*!  +  A^  +  Aj  =  A. 


It 
Fig.  137. 


tion. — The  height  of  the  neutral  axis  above  the  lower 
section  b 


A    (Ag  4-  A;)  A3  -  (Ag + A3)  At  -  (A3  -  Ai)  A,. 
y»-2-^  2A  ' 

lent  of  Inertia  of  the  sectiotx, — 

+  A,A,(i,  +  Ji)'  +  A,A,(A,  +  y|; 


it  of  Resistance,- 


(i) 


Approximate  Solution. — When  A,  and  h^  are  small  oom{ 
h^f  make 

then  the  following  forrauliB  are  nearly  correct  :-^ 
AY,     A.-AA     h'  A, +  2  A, 

T  -  A'«  /  :^  J.  A^A3-^A^A^^f4A^A,  »  . 
'^~      I  12  4A  I* 

M     /J   />/i^A,(A,■^4A^^-4A,)■fl2A^A3. 

ilnodAtfr  Approximate  Solution,  when  Aj  is  very  small,  or  n 
there  is  an  open  fiunie  instead  of  a  vertical  web — 


y»' 


M^i,lJ^:4l^^;M,=M'A,. 


1G4.  Cr«w«ecUaa  of  EqnnI  MlrcMBlfa. — The  iise  of  the  T-i 
and  double- T-sliaped  cross-sections  mentioned  in  tlie  lost  Artide 
to  economize  any  material  whose  resistances  to  cros»-breaking| 
crushing  and  by  tearing  are  different,  by  bo  adjusting  the 
of  the  neutral  axis,  that  the  tendencies  of  the  beam  to  br 
by  crushing  and  by  tearing  shall  be  as  nearly  as  possible  eqo 
following  ai-e  the  rules  for  eflccting  that  adjustment: — 

Let/,  be  the  modulus  of  rupture  by  crushing; 
»  /»        .,  „  11         hy  tearing; 

„  y.  the  distance  from  the  neutral  axis  to  the  compreflaed  «i 
,»y»         „  „  „  extended  «id« 

*/»4j/t-k  being  the  depth  of  the  be^im ; 

then  the  neutral  nxin  should  be  so  placed  as  to  divide  that  dept 
the  following  proportion : — 

::     h 


Lot  Aj,  ns  before,  denote  the  area  of  the  croBS-aection  of 
vertical  web  of  a  beam,  Tneasured  from  cetitre  to  centre  of  tlic  top 
bottom  flanges ;  Ay  the  area  of  the  oompreaaed  flange,  A^  tlU 
the  oxteudcd  flange. 

The  following  solutions  are  to  the  same  degree  of  ap|iroziin| 
with  those  iu  et^uatioua  2  axid  \.  ol  kx^vda  \Q3. 
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_     /^  greater  than  f^,  beam  T-shaped. — Here  the  flange  ia 
Id  At  the  stretched  side  of  the  girder;  and  its  area  niust  be  aa 


(2.) 


it  of  Resistance  of  this  fonn  of  cross-section  is  (see  Article 
don  2,  p.  255)— 

^jMr/Oi!^, (3., 

gnalfr  than  /^,  beam  double  T-shapecl. — The  aivu  of 
flange  being  Aj,  that  of  the  strdc/ted  Hange  should  be 


.(4.) 


Moment  of  Resistance  \idll  become 

=  A'{/.As-(/.-2/.)t"}    (5) 

ig  a  beam  to  bear  a  given  bending  moment,  the  depth 
Aj  of  the  vertical  web  are  to  l>e  lixcd  by  consideration.s 
convenience,  when  equation  5  will  enable  the  areas  of 
ith  of  the  flanges  to  be  computed 
L — Suppose  that  for  a  certain  sort  of  cast  iron, 

_/!,  =  80,000  lbs.  in  the  square  inch; 
/.  =  20,000    „       „ 

rell-proportioned  section, 

5  :  4  :  1  :  :  A  :  y.  :  y*. 
T-shaped  section, 


A,=— 2-A,=^Aj;  and 

_.      140,000  k'  A. 
Mo  =  — =g ; 


.(C.) 


[double  T-shaped  section, 


A,  =  4  Aj+n-Ao;*  and 


nit  airrMfl  DOirly  with  the  proportlous  ivhicb  Mr.  HodgkbuoD  found 
Itx  to  be  tbe  bat  for  cast  iron  beaoui 

a 


S58 


VATEiUALS   Aim  SmVCtVKBX 

A, 


M,  =  A'  I  80,000  Aj  +  140,000 ^  \ 

»h'i  20,000  A, -40,000^1 (7.) 

Cask  III.  /,  less  than  /*,  beam  T-shaped. — Here  the  flange 
required  at  the  compressed  side  of  the  beam,  and  its  area  phould  b 


.(8.) 


The  Moment  of  Reatstance  of  this  cross-section  ia 
M.JMzZ^£A,_ 


(9) 


Case  IV.  /,  less  Hum  /,,   fceoTn  douhU   T'shaped. — The 
the  stretched  flange  being  A^,  that  of  the  compressed  flange  shoo 
be  88  follows: — 


3/.' 


,, 


(10.) 


when  the  Moment  of  Resistance  will  become 


Mo  =  A'|/.A,  +  (2/,-/.)4s} 
=  A'  |/.  A,  +  (2/.-/,):|l^  (11.) 


In  designing  a  beam  to  bear  a  given  bending  moment,  the  de|il 
h'  and  area  A,  of  the  vertical  web  are  to  be  fixed  by  conaideratioi 
of  practical  convenience,  when  e<ination  1 1  will  enable  the 
of  either  or  both  of  the  iiangcs  to  Ije  computed. 

Example. — Suppose  that  for  u  certain  sort  of  wrought  iron, 

/,  =  36,000  Iba  on  the  square  inch 
/.» 60,000     „         „         „        „ 

80  that  in  a  wdl-proportioned  section 

8  :  3  :  5  :  :  A  :  y,  :  y^ 

ken  in  ft  T-^aspti  aeclvou, 


doable  T-BhAped  section 

Mo  =  A'  I  60,000  A,  +  84,000  ^^  | 
=  A'|36,000  Aj  +  12,000  ^j.* (13.> 

tSS.    K<«Bciia4JaaI  Serlioaa  of  UnUoriu  Sircaftli  far  Bconu  {A.  M., 

I)  are  those  in  wliich 
dimeirsioiis  of  the 
■-«eetioQ  are  varied 
pach  a  maQner  that 
ultcmate  momeDt  of 
Vtenoe  bears  at  each 
It  of  tbc  beam  the 
e  proportioD  to  the 
diii^  momcut  of  the 
L  That  moment 
resistance,  for  fig- 
B  of  the  same  kind, 
Ilg  proportiooal  to  the 
tmh  and  to  thesqiiare 
[the  depth,  can  be 
ed  either  by  %-arylng  the  breadth,  the  depth,  or  both.     The  la-w 

c 


Fif.  138. 


Fig.  189. 


Fjg.  140. 


Fig.  UU 


Fit;.  144. 


F!g.  145, 


tteoretJcal  eolclion  of  Caacs  TT.  and  IV.  was  contained  in  a  paper  by 
It,  tcail  to  the  Btitiib  Asaociulion  at  Oxford  in  18^0. 
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of  variation  depends  upon  t}ie  mode  of  variation  of  the  moni 
flexure  of  tlie  beam  from  point  to  point,  and  this  deixfnds  < 
dbtribiitiou  of  the  luttd  ami  of  th«  sufiportin;?  forcr-s,  in  i 
whioh  has  been  exemplilied  in  Articles  160  and  IGl.  WTii 
depth  of  the  beam  is  made  uniform,  and  the  breudth  Mine 
vertical  longitudinal  section  is  rectangular,  and  the  plan  i 
figure  de])<»nding  on  the  mode  of  varialiou  of  tlie  brea«lth. 
thu  breadth  of  the  beam  is  made  uniform,  aud  the  depth  n 
the  jiian  is  ix^ctangular.  and  tl)e  v<'rtical  h'ligitufliiial  wction  : 
ftguit}  dej»ending  on  the  mode  of  variation  of  tho  deptlu 
following  tabic  gives  examples  of  the  ivsulta  of  those  principl 


Mode  nf  l,nA<Unj; 


ftA» 
proportional  to 


Dcptli  h  cntiKtiint; 
figure  of  IMao. 


I.  (FiRS.  ms,  139). 
Fixvdat  A.loaJ- 
•datU, 


DUUnM  frota  D. 


Trianplfl,  apex  mt 
B,  fig.  138. 


II.  (Fipi.  140,  Hi).  3qusre  of  dUUnco    Pair  of  paralxilu, 

i.v._.  1  -»    t.     :  /• 11  1    __i . 1.1 


Fixc<l  at  A,  uni- 
formly loaded,... 


III.  (Fl!?t.  H2,  143). 

■  Siipporlril  lit   A 

I  and  13,  loadt'tl  ai 

C, 


IV.  {Figs.  144.  145). 
Suppnrlcil  at  A 
fiiiil  II,  uuirormly 
loaded,  


inm  B. 


vertices  touching 

each  t>ih<>r  m  h, 

(1g.  140. 


Dbtance  rrom        Fair  or  (rinngte^, 
adjacent  comnon   bn*o  at 

point  of  »upi)ort    I  C,  iivlcci  at  A  and 

I     II.  n«.  142. 


Product  or  i'u- 

tauces  from  points 

of  auijpurt. 


Pair  of  parabolas, 
veriic*.'«  at  C,  C, 
in  middle  of  beam; 
cucnmoa  Imw  A 
1),  Hg.  144. 


Breadth  b  ca 

FlKurs  of  Vi 

Laagitodiaal  I 


pAmbola,  ^ 
at  B.  fig. 


Tri«niz)«i  ■ 
B,  Bg.  1 


Pair  of  pan 

vert  lets  at 

B,  minting 

flg.  H 


EIlipM  A 


The  formulas  for  a  constant  th{)tJi  arc  applicable,  a])proxii 
to  the  breadths  of  the  flanges  of  tlie  T-shaped  and  double  T-i 
girdei-s,  dewrilied  in  Article  1G4.  In  applying  tho  principles 
Article,  it  is  to  bo  boruft  in  mind,  that  the  altearing  force  \ 
yet  been  taken  into  account;  and  that,  consequently,  the 
de.Hcribed  in  the  above  table  require,  at  and  near  the  placM 
thvy  taper  to  edges,  some  additional  material  to  enable  tl: 
withstand   that  force.     Iti  Si^*.  Wl  v«x>i  \VV»  wk.\x  %M 


Bu  is  shovrn. 
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«rn,  disposed  in  the  form  of  projectionB  or  palms 
te  points  of  support,  which  serve  both  to  resist  theahciiring 
^  mjU  to  give  lateral  steadiness  to  the  beama  As  to  the 
iMt  intensity  of  the  shearing  stress,  see  Article  1G8. 
6,  JII«4«Im  «r  RaptMre  •fCart  Iroa  B«uaa.  {A.M.,  207.) — Mr. 
iam  Henry  Barlow,  in  a  paper  read  to  the  Itoyul  Society  (see 
Trans.,  1855),  showed  that  IIk;  laoduhis  of  nqituro  of  cast  iron 
■  has  various  values,  ranging  fiuin  the  mere  dii-ect  tenacitj'  of 
cm  i]p  to  about  two-and-a-quarter  times  that  teiiatity,  acetmling 
S  iigure  of  the  cross-section  of  the  beam.  This  vtia  pmved  by 
haents  on  beams,  which  were,  in  some  cases,  of  a  aolid  rect- 
Ar  section,  and  in  other  cases,  of  au  oi>en  work  rectaugvdar 
n.  So  fur  as  those  ex]>erimeuts  went,  they  were  in  accordance 
fc>  following  empirical  formula : — 


/=/o+/- 


H 


(1.) 


lyis  the  modulus  of  rupture  of  the  Ijeam  in  question ;  ,/^,  the 
i  tenacity  of  tlje  iron  of  which  it  is  made;  y",  a  co-efficient 

pined  empirically ;  and  .  ,  the  ratio  which  the  depth  of  solid 

^k  in  the  cross-section  of  the  beam  bears  to  the  total  depth  of 
HL  The  foUowiug  were  the  values  of  the  constants  for  the 
ron  experimented  on: — 

it  tenacity,  /q  -  18,750  lbs,  per  square  inch ;  \ 

^_  /  =  23,UU01ba.  per  square  inch ;  V (2.) 

=  I i/o  nearly.  ) 


rlow  afterwards  made  further  experiments  on  cast  iron 
'  various  forms  of  section,  and  also  exi>eriments  on  wrought 
IS,  hhowing.  though  not  so  conclusively,  variations  in  the 
das  of  niptxirc  vi  wKmght  iron  analogous  to  those  which  have 
proved  to  exist  in  the  case  of  cast  iron. 

7.  AUcvmace  for  Welchi  of  Btmm — Liatlllas  Ijcngili  of  Beam. 
If.,  314,  315.) — When  a  beam  is  of  great  span,  its  own  weight 
bear  a  proportion  to  the  load  which  it  lias  to  carry,  suflBciently 
to  require  to  be  taken  into  account  in  determining  the  dimen- 
mi  the  beam.  The  following  is  the  process  to  bo  peribrmed 
11  purpose,  when  the  load  is  uniformly  distributed,  and  the 
I  of  uniform  cross-section.  Let  W  be  the  external  working 
ita  factor  of  sai'cty,  8^  a  factor  of  safety  suited  to  a  steady 

weight  of  the  beam. 
denote  the  breadth  of  any  part  of  the  beam,  as  computed 
ieriag^  tie  axtemal  breaking  had  alime^  s-^  "W'.     Co\nyvx\ft 


I  or  unuc 
4,  ita  fac 
l^the 
H*  denol 
^mderiog 


I 
i 


^9t 
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the  veight  of  th«  beam  irom  tl^iat  provirional  breadth,  and  let  it  fa 

denoted  by  B'.     Then  — ^| J^^  u  the  proportion  in  which  tt 

t^fnu  brealdzig  load  exoeed*  thn  (.external  part  of  that  load.  Cooai 
Iquently,  if  for  the  provmonal  breadth  b'  there  be  substitated  til 
'  acoaet  breadth, 


6  =  , 


f/^,  ^v' 


.(I.) 


i  SV'-5j»' 

the  beam  will  now  be  strong  enough  to  bear  both  the  propo^ 
;8xterDal  loa<l  W,  and  its  ovru  weight,  which  will  now  be 


B  = 


F,J_ 


»7vr 


»jB" 


.(2.) 


.(3.) 


and  the  true  gross  breaking  load  will  be 

W  =  ..WV..B=,-p5^,-^ 

'  Ab  the  fiictor  of  wfety  for  a  steady  load  ia  in  general  onft-balf 
that  for  .1  moving  load,  j?j  may  be  inndo  =  2s^;  in  which  eaaetfe 
prbccding  foriuulsa  beoutne 

*  =  2W^IF' (*•> 

R      2BW. 

2  W'-B^ " ^  ' 

In  all  these  formuls,  both  the  external  load  and  the  wci^ 
of  tbe  beum  are  treutt'd  as  if  uniformly  distributed — a  auppositia 
which  is  sometimes  exact,  and  always  Mitliciently  near  tlia  truth  fo 
the  puiiKWcs  of  the  present  Article. 

The  groes  load  of  beams  of  similar  figures  and  proixirtions,  raxj 
ing  as  the  breadth  and  square  of  the  depth  directly,  and  inrei 
as  the  length,   is  proportional  to   the   sqiuu'e  of  a  given  111 
dimension.     The  wi'ights  of  such  beams  ore  proportional  to 
cubes  of  corresponding   linear   dimensiona.      Henoc   the 
increases  at  a  faster  rate  than  the  gi-oss  load;  and  for  each 
^cular  figure  of  a  beam  of  a  given  material  and  proportion 

lensjous,  there  niust  Vte  a  cevtAvuv  size  at  which  tbe  beam 
'  its  own  weight  only,  witJiiaofc  mv^  «»idiC\v!rwiA.\c»^ 


LntrrtKo  lenqth  of  beam. 


2G3 


To  redaee  this  to  calculation,  let  the  uniformly  distributed  grosa 
load  of  a  beam  of  a  given  figure  be  expressed  as  follows : — 


W  =  *,W'+.,B  =  ?-^-A^; 


•('•) 


and  A  being  tLe  length,  depth,  and  sectional  area  of  the  beam, 
modulus  of  rupture,  and  n  a  factor  de|>ending  on  the  form  of 
f-aectioiL     The  weight  of  the  beam  will  be  expressed  by 

B  =  kwlA; (8.) 

being  thn  wright  of  an  unit  of  volume  of  the  material,  and  k  a 
depending  on  the  figure  of  the  beam.     Then  the  ratio  of  the 
^bt  of  the  l)eam  multiplied  by  its  proper  factor  of  safety  to  the 
bveaJdag  load  is 


*,  B  _  8»k  to'  P 


.(9.) 


W  "  Hn/h  ' 

rhich  increases  in  the  simple  ratio  of  the  length,  if  the  proportion 
'h  is  fixed.     When  this  is  the  case,  the  length  L  of  a  beam,  whose 
it  (treated  as  uniformly  distributed)  is  its  working  load,  is 
by  the  condition  «g  B  =  W ;  that  is, 


^=1^,= o") 


'mg  length  having  once  been  determined  for  a  given  cluss 
IS,  may  be  used  to  compute  the  ratios  of  the  gross  breaking 
weight  of  the  beam,  and  external  working  load  to  each  other, 
fcr  a  beam  of  the  given  class,  and  of  any  smaller  length,  I,  according 
to  the  following  proportional  equation : — 

L:A:?lzi::W:B:W; (U.) 

la  all  the  following  examples,  the  factors  of  safety  employed  are 

£xAjrPLE  I. — -Let  the  beams  in  question  be  plain  rectangular  cast 

inmb&nma,  ao  thatn  =  x,  ^=1,  u/  =  0*237  lb.  per  cubic  inch;  let 

/*      1 
J=  40,000  lbs.  per  square  inch ;  and  let  j  =  j^-     Then 

L  =  4,612inches  =  384  feet  nearly; (12.) 

abo,  I  being  expressed  in  inches — 


*.C13:i:«i!-':,W 


B:W.  ... 


..(13.) 
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Example  II. — Cast  iron  beam  of  uniform  single  T-shapccI  aecU 
of  equal  strength  (as  in  Article  104,  C'tise  L,  p.  257). 

^3=2  ^2'  •*•  "^^  3  Aj  and  Aj  =  ^  A. 

^^  _  Wj  _  7/,/>-  A,  _  14/.  A'  A.  _  U/,^'A 

^*  ~    8      '         24         ~      r20       »••"'—         f57      • 

As  Wore,  B  =  0-257  I  Aj 


I^t/,=  80,000  Iba  on  the  square  inch;  j  =  ^5*  *^^° 
«q  B       J  in  inches 


alao. 


L  =:  6,45G  inches 
i     6,456  — i 


.(14.) 


6,456 


3 


W :  B  :  W. 


Example  III. — Cast  iron  beam  of  tiniform   double  T-sb 
section  of  equal  sti'eugth  (as  in.  Article  164,  Case  II.,  p.  257). 


Mo=^=/.A'(^A,  +  A,);...W=^Qa,  +  8. 

In  order  to  obtain  a  definite  result,  some  propoptlon  mart 
assumed  between  the  area  of  the  tipper  flange  Aj,  and  that  of  I" 
vertical  web  Aj.     For  the  sake  of  illustration,  let  A^  =  A| 
which  proportion  ia  not  unusual  in  practice.     Then 

A  =  5  Aj  =  10  Ai  =  ^  Aj;  and 

^  ~    I    \i5  ^  6/  ~  15     r~- 

Ls  before,  B  =  0-257  I  A.     Let  /  =  80,000  lb.  on  the  nfi 
inch ;  r  =  Te ;  tbcn 

«o  B     2  in  inches         ,  1 

"W  =-87763'^''°^  '. 

L  =  «,762  inches  =  730  feet  nearly ; ) 


UVITtXG  LESQTa   OP  B£AM. 


265 


8,763:  J. g- 


l 


::  W:B:  W. (17.) 


ExAJtPXE  rV. — Wrought,  iron  beam  of  iinifonii  single  T-a1mpe<I 
dkin  of  equal  strength  (us  in  Article  Id,  Case  III.,  p.  258). 

1  4  ^ 

Ai=g  Ao;  .%  A  =  -  A,  and  Aj  =  y  Aj 

xr         WZ_7,r;/.'A,  _7./;A'A.    .  w_7/./*' 
-^o  —    8    ~        30        ~        40      '  •  •  *^  —       6  i 

this  cawe,  B  =  0277  ^  A  =  ,g  /  A. 


iA  =  60,000  lbs.  on  the  square  inch  J  y  =  rt  J  then 
«,  B       Z  in  inches         ,  \ 

L  =r  6,720  inches  =  SCO  feet  nearly ;  j 
/    6,720  — Z 


.(18.) 


0.720:5: 


G 


::  W:B:W (19.) 


"ExAiCPi:^  V. — Wrought  iron  beam  of  uniform  double  T-shaped 
lioa  of  eqnul  strtngtlj  (as  in  Article  1G4,  Case  IV.,  p.  258). 

Aj  =  ^  A2  +  g  A3;  .•.  A  =  2  Aj  +  jj  A3  J 

order  to  obtain  a  definite  result,  let  A3  =  A^;  which  pro- 
lion  U  Dot  unusual  in  practice.     Then  A  =  4  A^;  and 

^~— T"  Vis  +  ^j -rs' ~i    • 


IWore.  let  B  =  ^  /  A;/»  =  60,000;  7  =  p^;  then 


jTj  B       /in  inches  , 

W  —     11,«40~  >  *° 
Ls:  11.840  inches  =  987  feet  near; 


.(SO.) 
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also, 


11.840:^ 


:  W:B:W.... 


..(21.] 
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It  has  already  l)een  show-n  Id  Article  160,  Division  IL,  bow  Uilin 
the  greatest  amount  of  the  shoaring  action  of  the  load  at  a  ^f 
croas-section  of  a  beam.     Lot  F  denote  that  amount,  A  Uie  ai'tt 
the  oi-oas-section  at  which  it  acta;  then 


Mean  irUeruity  of  shearing  stress  =:  -y- 


The  diatributum  of  that  stresB  over  the  cross-section  is  sue 
its  intensity  is  greatest  at  the  neutral  axis,  and  gradtially  iliniioia 
towards  the  upper  and  lower  surlUoes  of  the  b*'ait),  whcTftf 
vanishes.  That  greatest  intensity  is  found  by  the  following 
cess: — Conceive,  as  in  fig.  130,  Article  162,  p.  2.'J0,  the 
section  to  be  divided  into  thin  horizontal  layers,  such  as  C;  WJ 
be  the  breadth  of  any  layer,  d  y  its  depth,  y  its  distance  from ' 
iieuti*al  axis ;  also  let  tg  be  the  breadth  of  the  cross-section  at  1 
iieutnil  axis;  I  the  "moment  of  ineriin"  of  the  cross-sectioDi 
deljned  in  Article  1G2,  p.  252;  y^  the  distance  from  the  u« 
axis  to  eidier  the  upper  or  the  under  surface  of  the  beam; 
required  greatest  intensity  of  the  shearing  stress.     Thou 


7o 


The  symbol  j  '  denotes  that  the  integmtion  or  samtuatioa 

the  products  y  z  d  y  oi  the  area  of  each  layer  into  its  iliatanoe  f 
the  neutral  axis,  is  to  extend  from  the  neutral  ajciu  to  cith«rt| 
upper  or  the  lower  surface  of  the  beam,  that  into^ition  bi'* 
thus  performed  for  one  only  of  the  two  piarta  into  whiob 
neutral  axis  divides  the  cross-section.    It  is  a  matter  of  con% 
only  wliich  of  those  parts  ia  chosen,  as  the  same  result  is  i 
in  either  case. 

The  maximum  intensity  of  the  shearing  stress  at  the  gi* 
cross-section  exceeds  the  mean  intensity  iu  the  following ; 
2>ortion : — 


?o  A        A 
r    - 1  : 


itio  depending  solely  ou  \\v»-  W^wTrci  ot  Uni  crosa-MiCtiotu 
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^  Ibe  ibUowiog  table  gives  some  of  its  values : — 

FlOtJBE  OF   CaOSS-SECTION,  "*'t   • 

« 

L  Rectangle,  2^  =  6,    ^ 

EUipae  and  Circle, „- 

Hollow  Rectangle —  1 

A  =  bh-b-h';  z^  =  h-h'.  [3  (Jih~b'h')-{bh^-h'h'^. 
This    includes    I-shaiiedp'      {b-b')'{bh^-l'  Jt!^) 
tioDS, J 

JToIloir  square,  h*-h!^, ^{\  -^ j^-^^t)' 

Hollow  oUi^Jse  and  hollow  circle;  the  numerical  factor^; 

the  syrobolical  factor,  the  same  as  for  the  hollow  rectangle 
and  hollow  scjuare  respectively. 

EL  Single  T-«haped  section;  flange  A^;  1  3     4 A  A^ 4-  A j 
web  A,;  Ai  +  A5  =  A, J  I"  As(4  Ai  + A,)' 

»  Doable  T-shaped  section;  flanges  Aj,  Ajj  web  A^; 
Ai  +  A^  +  A3  =  A, 

A(24AiAa4-12A^A,+  12A;As)-t-3A;-12A,  A,Aa 
^  A^(24AiA8  +  «Ai  Aj  +  bAjAj  +  a  A?.) 

Hd  Aj  and  Aj,  in  Case  VUL,  are  large  compared  with  Aj, 
U  is  to  Bay,  when  a  beam  consists  of  strong  tipjjer  and  lower 
es  at  horizontal  bare,  connected  by  a  thin  vertical  web,  the 
ing  force  may  be  treated  as  if  it  were  entirely  borne  by  the 
sal  web,  and  uniformly  distributed. 

e  smallest  cross-section  of  abeam  is  generally  fixed  by  reasons  of 
mience,  independent  of  the  shetiring  force  to  wliioh  it  is  exposed, 
I  generally  much  greater  than  is  necessary  in  order  to  bear  that 
But  when  it  is  practicable  to  adapt  the  least  cross-section  of 
^Alji  accurately  to  the  shenring  force,  the  preceding  formule 

(famish  the  means  of  doing  so,  by  making 
96=f; (♦•) 

f*  ia  the  modulus  of  ruptm-e  by  shenring,  and  s  a  factor  of 
^TiuJ  equation  gives  for  the  least  sectional  area. 
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in  wliiicb  formula,  y^  A  -i-  F  is  to  bo  found  by  meaoa  of 
or  of  tbe  juocetliug  table  of  examples. 

IIjO.    DeflecUMorBmnia.    (1.    i/.,    300   to    304.)— By 

'* Deftection^'  when  not  otherwise  specified,  ia  understood  J 
displacement  of  any  poiut  of  a  loaded  Loam  from  its  po« 
the  beam  is  imloailed.  Three  cases  raay  be  distinguuihi 
Dejhction  under  any  load,  that  of  Proof /Je/leciion,  or  dellec 
the  greatt^t  load  which  doei*  not  impair  the  strength  of 
and  that  of  Ultiviate  Dfflection,  or  deflection)  inuncdial 
ing.     When  the  loud   does  not  exceed  the   jiroof 

lection  of  u  given  Warn,  under  a  load  distributed 
manner,  is  very  nearly  proportional  to  the  load:  when 
load  is  excccdeJ,  the  deflection  increases  in  general  fast«) 
lofld,  and  in  an  irregular  manner,  so  that  the  ultimate  di 
not  capable  of  exact  computation.  The  remainder  of  tl 
-will  tlierefore  relate  to  deflections  under  loads  not  ex4 
proof  load. 

Tl»<<  dett-nnination  «>f  the  deflection  of  a  beam  under  a 
load  i«  a  process  which  consists  of  throe  stepe,  by  •whicll 
J  successively,  the  curvature  at  uiiy  croas-acction,  the 
cross-section,  and  the  dejlection. 

Step  I. — To  tind  the  curvature  at  a  given  cross-scctii 
the  bending  moment  at  that  cross-section  (as  found  in 
Division  III.,  p.  242)  by  the  "moment  of  inertia"  of 
(as  found  in  Article  l(i'2,  \t.  2o2),  and  by  the  inodul 
elasticity  of  the  material.  The  result  is  the  curvatur 
the  reciprocal  of  the  radius  of  curvature  of  a  longitudinal 
beam,  which  was  straight  when  the  beam  was  uidoaded 
that  radius  by  r,  and  the  other  quantities  by  the  symbo 
employed;  then 

r~EI  

The  positive  or  negative  sign  of  this  expression  will  sbq 
,  the  curvature  is  coucuve  upwards  or  downwards. 

When  tJie  beam  is  under  its  proof  load,  and  tlie  given  i 
is  t/uU  of  greatest  stress,  let  Mj  denote  the  bending  mom 
section,  and  I^  the  moment  of  inertia ;  then,  as  has  beel 
Article  1G2,  equations  2  A,  3,  4,  and  5,  we  have 


•tere  f  is  the  modu/tu  of  proof  atrengtfi,  or,  for  most  matoriala, . 
Mm  ont^half  to  one-tliii-d  of  the  modulus  of  rupture,  see  Articled 
U'i,  p.  222);  BO  tluit,  in  the  case  now  coobidered,  equation  1  become*] 
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2CD 


/  _  / 

E  y^     E  m  h 


.(2.) 


■'  hftiring  the  meaning  exphiinwl  in  Article  1G2,  j).  252). 

Tliia  lurmula  gives  the  sluirjiest  curvatvre  which  the  beam  can 
wiUwut  injury;  and  as  y'  -i-  E  is  the  proof  strain  of  the 

itcriad,  that  cui-vature  dejieuds  on  the  proof  strain,  the  depth  A, 

d  the  form  of  section  only. 

When  the  dimensions  are  all  given  in  inches,  the  bending 
pnmeut  in  iuch-foiUKls,  aud  the  moduli  of  proof  strength  and 
ilasliciir  in  fiounda  on  the  squai-e  inch,  the  radius  of  cun'ature  will 

computed  in  inches. 

Hie  denominator  £  I  in  equation  1,  expresaea  the  transverse  atiff- 

u  or  rttiatanee  of  the  heavm  to  bending  at  any  given  cixMS-section ; 
kbd  as  I  mny  be  eotprcssed  in  the  form  ii'  b  A'  (Article  162,  equation 
^  p.  252),  the  resistances  of  similar  cn^sfs-sectious  of  beams  of  the 
e  material  are  to  each  other  as  their  breadths,  and  as  the  cubes 
tf  their  depths;  and  consequently, — 

Tki  Curvatures  of  beams  of  the  same  material  at  sections  of  similar 

fmt,  under  equal  bending  moments,  are  inversely  as  their  breadlfie, 

id  inversely  as  the  cubes  oft/teir  deptlis. 

JEqaatinn  2  also  shows  that, — 

71te.  cvrrcUures  of  beams  of  the  same  material,  at  sections  of  similar 
Ejwrta,  under  their  respective  proof  bending  momenta,  are  inversely 

their  depths  simply. 

In  the  case  of  a  cross-sedion  of  equal  strength  (such  as  those 
lescribed  in  Article  1 6-1),  equation  2  may  be  put  in  the  following 
onn : — let  f^  and  /»'  be  the  moduli  of  pr<x)f  resistmce  to  ci-oss- 
veaking  by  compression  and  by  tearing  re6]XJctively ;  then 


r„"   EA    ■ 


.(2j^.) 


The  curved  form  assumed  by  an  originally  straight  longitudinal 
bl'  ill  u  l>eam  might  be  drawn  approximately  by  the  aid  of  equa- 
tiuu  1,  were  it  not  that  the  gi-eat  lengths  of  the  radii  of  curvature, 
ind  tlie  smallne.<)a  of  the  ordinatea  of  the  curve,  in  all  cases  which 
occur  in  practice,  render  it  neither  practicable  nor  usefiil  to  draw 
the  figure  of  that  cur\'e  in  it«  natural  proportions.  But  the 
folloTiiring  jiroccas,  invented,  so  far  as  I  am  aware,  by  Mr.  C.  H.  | 
Wdd,  ejiabJes  a  liiaffrav}  to  fvc  ti»7tH7i,  ivJiich  i-epreaents,  with  a  near 


p 
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approach  to  •cetimcy,  that  curve,  unlh  it*  vertical  dintmti 
exaggerated,  ao  oa  to  show  conspicuously  the  slopes  and  ordioAto^ 
Compute,  by  equation  1,  the  radii  of  curvature  for  a  seriM 
equi-distant  points  in  the  beam.  Diminish  all  those  radii  in  a 
proportion  which  may  be  convenient,  and  draw  a  curve  compoi 
of  small  circular  arcs  with  the  diminished  radii.  Then  in  thesu 
ratio  that  the  radii,  as  compared  with  the  horizontal  Bca]e  of  t 
drawing,  are  diininishwi,  will  the  vertical  scale  of  the  dniwiii 
according  to  which  the  ordinatea  are  ahowu,  be  exaggerated. 


A 


Fig.  141 


FJg.  147.  ^ 

Step  II, — To  find  the  slope,  or  inclinatiou  of  an  origiiul 
Btrai^ht  longitudinal  line  in  a  beam  to  its  original  position.  T] 
solution  of  this  problem  depends  on  the  principle,  that  the  differed 
qf  tloft  a<  imo  poitita  in  tJiat  line,  is  tlie  product  of  the  diita^ 
between  thoee  points  into  tlifi  mean  curvature  of  the  portion  of  the  li 
between  tJtan,  That  is  to  say,  in  symbols,  let  d  x  donoto  the  lengl 
of  a  portion  of  the  line,  1  -j-  r  its  mean  curvature,  J  » tha  di 
eireDCo  of  slope  at  the  two  ends  of  that  portion;  then 


d  X 
d  I  ^  —  . 
r 


.(3.) 


Let  to  be  the  slope  of  the  beam  at  the  point  taken  aa  the  origi 
of  co-ordinates ;  t,  the  fllojte  at  a  yiomt  whose  distance  firom  thi 
origin  is  a! ;  conceive  the  di-itance  x'  to  be  divided  into  an  inde6nii 
number  of  small  [nuts,  the  length  of  each  being  d  x ;  compute  I 
equation  1  the  curvature  of  each  of  thoee  parts,  and  by  equation 
the  successive  differences  of  slope ;  sum  or  integrate  those  result 
and  the  final  result  will  bo  the  whole  difference  between  the  slou 
at  the  origin  and  at  the  point  a/;  that  is  to  say, 


-<'^- 


bnfln 


When  the  beam  is  supported  and  loaded  in  axich  a  way  thii 

known  to  have  no  Aope  at  a  certain  point,  that  point  should  ti 

taken  as  the  origin.     This  occiu^  in  two  cases;  that  of  a  be*! 

ed  at  one  end  and  loaded  on  the  projecting  portion  (fig,  147] 

iclj  has  no  slope  at  the  fixed  end  A ;  and  that  of  a  beam  R^ 

rted  at  both  ends  and  Bynuuetn.ca\lY  ^^^'^^^  Q^b^  shown  in ,' 
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'^wtam  BM  no  sloy^e  at  the  middle  point  A.     In  these  casta, 

be  tMigpQt  A  X  C  at  the  point  of  »o  slope  be  taken  as  the 

along  which  x'  is  to  be  measui-ed;  then 

to  =  0;  and  t  =/^  ^. (5.) 

are  the  mos-'t  cotnnion  cases  in  practice.     In  other  coses, 
iff  at  the  origin  must  i*emaia  IndetermiDate  until  the 
{ step  of  the  solution  is  performeiL 

i»e  following  princijtlea  are  the  consequences  of  equation  3,  wlien 
i«l  to  giftiUar  htavia  of  l/ie  same  laatcnai,  under  loadi  nmilarli/ 
ifmted:— 

\t  doptt  cU  com^xmding  pointt  an  as  Uta  lengtJts  and  curva- 
t;  and  therefore, 

mder  equal  loads,  the  slopes  at  eorrespoTiding  points  cere  direcUy 
\e  lengths,  and  inversely  as  the  breadJis  and  cubes  of  the  depUis; 
'jider  ike  proof  loads,  the  dopes  at  corresponding  points  are 
tif  aathe  lengtfts,  and  inversdy  as  the  dcptlis. 
h*  following  formnl«  express  Uieae  principles,  as  applied  to  the 
(Dg  of  the  sfeejie.it  slope  iu  a  givon  beam,  which  is  in  general  at 
point  most  dish-int  from  the  point  of  no  slope;  for  example,  at 
in  figs.  1-16  und  147. 
l^diet  a  given  load  W ; 

steepest  slope  •1=^^7^7,8' (6) 

'ader  the  proof  load, 

»i    1         •         in  J   c  .,. . 

steepest  dope  ij  =  „ — r-r", (7.) 

Lad  in  sectioos  of  equal  strength, 

*i—  E/*  • ^^     ' 

fixed  at  one  end,  c  =  /;  for  beams  supported  at  both 

{  and  n  are  the  factors  already  explained  in  Article  102, 
itioiu  3  and  4,  p.  252,  and  of  which  values  hare  been  given  in 
table,  p.  254. 

C  and  m"  are  factors  depending  on  the  dLstribution  of  the  load, 
mode  of  support,  and  the  longitudinal  3<ictiou  of  the  beam, 
raples  of  thoir  values  will  be  given  in  a  table  further  on.  They 
following  relations  to  each  other: — 

[  in  beams  fixed  at  one  end  m"  =  m  m";  )       /ox 

in  beatns  mipported  at  both  ends  m"  ^rSmmTjJ""^  '' 


i 
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m  bt'ihg  tlie  factor  already  explained  in  Article  161,  eqt 
p.  247,  and  of  which  values  have  been  given  in  the  tabl 
1245  and  246. 

Step  111. — To  find  tlio  Defl&ct'wn.     By  this  term  ia  to  b«^ 
stoorl  the  depression  of  tJie  lou^it  point  below  tlie  higli*gt  point  oj 
originally  stravjld  fiorisontal  longitudinal  line  in  tfte  beam. 

Let  d  xhe  the  distance  hetween  two  ])oLDts  in  that  line,  i  I 
mean  slope  of  the  line  between  them,  and  d  v  their  diffeivDce 
level;  then 

d  V  ^  i  d  X. 

Assume  any  convenient  point  in  the  line  in  question  ;i>  <i 
origin  of  co-onlinates;  lot  x'  be  the  distance  of  another  ixjintf 
it;  conceive  that  distance  to  be  dividetl  into  au  indefinite  nu 
of  sniiill  jmrta,  the  length  of  each  being  d  z ;  compute,  by  the  i 
ste])  of  the  process,  the  slope  of  each  of  tho^  divisions,  and  ] 
tnpiation  9,  the  successive  differences  of  elevation  of  their 
the  sum  or  integral  of  those  results  will  be  the  elevation  or  de 
sion  of  the  point  x'  relatively  to  the  origin,  according  fks  it  in 
or  negative ;  that  is  to  say, 


d  z.... 


This   equation   finally   determines   the    iigure   assumed  hf 
originally  straight  lougitudimil  line  in  the  beam. 

In  the  two  cases  represented  by  tigs.  146  and  147 — that  is, 
the  beam  is  symmetrically  loaded,  nr  fixed  at  one  end — tl»e 
convenient  point  for  the  origin  is  still  tie  i»uint  of  no  slope  A*j 
the  deflection   souglit  is  the  difference  of  elevation  between 
jtoint  and  the  furthest  point  D,  whose  distance  from  it  is,iBf 
symmetrically  loaded  beam,  the  half-span,  1-^2,  and  in  »  l* 
fixed  at  one  eud>  the  length  of  the  pTOJecfcing   part,  L    H« 
denoting  the  deflection  by  v^. 


In  a  aymmetrically  loaded  beam,  v^^ii  %  d  x',) 


In  a  beam  fixed  at  one  end 


■<■■=/: 


i  d  X. 


J 


ow 


Tn  other  cases,  tho  most  convenient  point  for  t 
©rdinates  is  in  genoi-al  one  of  the  jwints  of  suppi. 
the  other  point  oV  support,  for  which  v  ^  0,  will 
from  which  t'o  in  equation  4  may  be  found,  and  tin 
moht  elevated  and  de])ressed  points  arc  to  be  fn 
dition  that  for  them  the  slope  i  ^  0.     Eromplcs  m 

Ql  be  given  in  the  sequel 
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following  principles  are  tho  consequeuces  of  equation  9, 
appliwl  to  nmilar  beams  of  the  same  material,  under  loaiU 
f-r--'-   '    'rilmted: — 

i.1  loads,  </i«  de/Iectiona  are  direelly  as  the  cuhet  of  tint 
.-    ../.'.  ,,ivtri>«hi  as  the  breadthg  and  cubes  of  the  d^>tfts. 
<iJrr  the  pi\>of  loads,  the  dejlections  are  directly  as  tfie  iquares  of 
I'U'j/JcS.  and  inveraelt/  as  (he  depths. 
Tlif  foIloM-ing  formuliE  express  these  principles: — 

Xtefleetion  und«r  a  given  loeul  W, 


Proof  Dt/Uetionf 


^  —  En'bh^' 


n'fei* 
^       E  nt'  h' 


.(12.) 


.(13.) 


i  in  sections  of  equal  strength, 


«"(/.-i-/«)c« 
Eh 


.(13  a.) 


Tor  beams  fixed  at  one  end,  c  =:  /;  for  beams  supported  at  both 
"    c  =  /  -f-  2. 

»'  and  »t'  are  the  factors  already  explained  in  Article  102, 
Itioos  3  and  4,  p.  2J2,  and  of  which  values  have  been  given  in 
lUble,  p.  254. 

l'  and  n"  are  factors  defending  on  the  distribution  of  the  load, 
mode  of  support,  and  the  longitudinal  section  of  the  beam, 
be&r  the  following  relations  to  each  other  ; — 

in  beams  fixed  at  one  end,  n"  =:»»«";  i 

in  beams  supported  at  both  ends,  n"  ^  2  m  n"  J  '"^    '' 

The  following  tables  give  exam]ilc8  of  the  values  of  the  factors  in 
Bqiutioas  a,  7,  7  a,  12,  13,  and  13  a: — 


^ 
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Pnof  lMd> 
FMwafor 
Slope.    OdlMdflV  Slop*. 

' I 

1  1 

3 3  • 

1         1 

3  4  ' 

1  1 

2  3  * 

2  5 

3  12* 


Any 
Fadonte 


Caw. 

A.  TTsnTORM  CHoss-SEcrnos. 

I.  OoDstant  Moment  of  Flex-  I 

lire, j 

II.  Fixed  at  one  end,  loaded  I 
atothcr, | 

III.  Fixed   at  one  end,  uni-  ) 

fonnly  loaded, J 

IV.  Supported  at  both  ends,  ) 

loaded  in  middle, J 

V.  Supported  at  both  ends,  | 
uniformly  loaded, / 

B.  UwiFonM  Strength  akd  Uxi- 
roRM  Depth.  (See  Aiiicls 
165,  pp.  259,  260.) 

(The  curvature  of  these  is  uniform), 

VL  Fixed  at  one  end,  loaded  ) 

at  other,  j 

VIL  Fixed   at  one  end,  \ini- 1 

formly  loaded,... j 

VIIL  Supported  at  both  enda,  ) 

loaded  in  middle, j 

IX.  Supported  at  tioth  ends,  ) 
uniformly  loaded, j 


C.  TJinponM  Strength  and  TTni- 
woRii  Breadth.  (See  Article 
165,  pp.  259,  260.) 

X.  Fixed  at  one  end,  loaded  1 

Ht  other I 

•  XI.  Fixed   at   one   end,  uni-  > 

fomily  loaded j 

XII,  Supiwrtod  at  both  ends,  1       ^  2  ,  1 

loaded  in  middle, J 

XIII.  Suijported  at  both  ends,  1   ,  ^-^q   „  .__„  „  ..^   ^  . 

iniformly  loaded,  ......\  ^-5708  0-5708  0-3927  O-liJ 


infinite 


inftnite 
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of  m"  and  n*  for  beams  of  uniform  strength,  as  given  iu 
ftbove  table,  are  greater  than  those  which  occur  in  practice, 
aae,  in  oomputing  the  table,  no  aoconnt  has  been  taken  of  the 
Uonal  mateiiiil  which  is  placed  at  the  ends  of  such  beams,  in 
r  to  give  sulficicnt  resistance  to  shearing  (see  p.  267). 
\m  error  tlios  ansiog  applies  chiefly  to  m",  the  factor  for  the 
iamm  slopa  For  the  factor  for  the  deflection,  n",  the  error  is 
Biidexalilc^  an  experiment  lias  shown. 

[Ql  The  Fnf  ili—  Af  tkc  Cir««il«M  I»«ytli  •€  m  Beam  M  the  Bp«B 
1/1,  302^)  is  BO  regulated,  that  the  proport,ion  of  the  greatest 
ctioQ  to  the  sp:\n  &liall  not  exceed  a  limit  which  experience  has 
m  to  be  con&isteitt  with  conveuience.  That  proportion,  from 
JOS  examples,  appears  to  be — 

V  11 

For  the  working  load,  -^  =  from  ^^  to  ,-e7i7\* 

For  the  proof  load, ...  -J  =  fi-om  ^^  to  jr?^. 

...^..Jtinatioa  of  the  proportion,  A^  -=- 1,  of  the  greatest  depth  of 
beaoi  to  the  span,  so  us  to  give  the  requiretl  stitfness,  is  effected 
Ibe  aid  of  equation  13  of  Article  160,  p.  273,  from  which  we 


?= 


2EwX 


4  Etu' Aq 


eqnently  the  required  tHtio  is  given  by  the  equ&tion 

I 


I  ~4m'E- 


.(1.) 


xpressinn  consisting  of  three  factors :  a  factor,  n"  -;-  4  m',  depend- 
in  the  disti-ibiition  of  the  load  and  the  figure  of  the  beam ;  a 
r,  /  -i-  »i,  being  the  prescribed  ratio  of  the  s|)an  to  tlie  deflection ; 
I  factor,  jT  -j-  E,  being  the  proof  strain,  or  the  working  strain,  of 
uaterial,  as  the  case  may  be.  When  the  cro.ss-section  is  one  of 
I  atreii^fa,  as  in  Article  164,  equation  1  may  be  put  in  the 
ving  form : — 

T~      4BtJi      


.(2.) 


'jiXeLR  L — Let  the  beam  be  under  its  tixirking  load,  uniformly 
ibuted,  on  a  beam  of  uniform  section,  alike  above  and  below. 

t'  =  j^,  m'  =  ^j-    Let  —  =  J,  000  be  the  proscribed  ratio  of 
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the  spau  to  tbe  •working  deflection.     Let  the  material  be 
iruu,  for  wLicU  .,  f.^^  is  a  safe  value  for  the  working  strain  «• 


'24    3,06'U 


5 
72 


1 

iTi' 


■which  is  very  nearly  the  average   proportion  of  depth  to 
uiloptcil  for  wion;2;lit  iron  j^prdenj  in  practice. 

l''xASirLE  11. — Let  the  beam  still  be  under  ita  -working 
tuiifoimly  distributed;  let  the  cross-section  be  of  equal  strei 
and  let  the  longitudinal  section  be  one  oi uniform  atrewjtU  anc 

fonii  depth.  (See  Article  1 65,  Case  IV.,  p.  260.)   In  thb  auw,  n' 

Lot  /  .4-  »i  be  still  =  1,000.  Tlie  material  being  wrought  Irira 
the  factor  of  aifetv  alKJut  G,  k-t/',  =  G,000:  /,  =  lU.UOO;  au 
E  =  2y,00{),(J00.     Then 

Ao  _  1,1 6,000x1, 000  _    l_  ^ 
l~%'     29,000,000    ~  14 -5 ' 

being  nearly  the  same  as  in  the  pi'eceding  examitle- 

ExAMPLE  111. — A3  in  Example  II.,  let  the  i>eam  b© 
■Working  load,  uniformly  distributed;  let  the  cross-section 
equal  strength,  and  the  longitudinal  section  of  uniform  st 

and  ntiifonn  deptli.     Then  n"  s=  x-     Let  the  material  be  ttUk] 

let  the  factor  of  safety  be   6,  and   let /.  =  13,333,/*  = 
E  =  16,GO(>,000.     The  following  are  the  projxjrtiona  of 
depth  to  Icnpftli  for  two  dilTcrent  valueit  of  the  projiortion 
greatest  detlcctiou  to  the  kiigtli : — 


for-  =  GOO,'^«. 


1_ 
13-3 


fori=800,^  =  ^„. 

171.   Wmmmkmvr  af  ihe  I*roc<*«a  »f  ]>Mignlnf  m  BMkw. — In  dl 

ing  a  beam  of  a  given  material,  and  of  a  given  span,  to  tup 
given  load,  distributed  in  a  given  ■way,  the  process  to  be  wl 
may  be  thus  summed  up : — 

I.  Decide  to  what  chias  of  figtires  the  cross-section  shall 
for  e.vaiiijile,  whether  it  is  to  lie  rectaugidar,  similar  abovi 
holoWf  T-sbaped,  double  1-6W\va<3i,  ol  «.c^vii\%Vc«itt'ji.Vv^«B(i 
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K  Article  164,  pp.  356  to  259);  al.<(o,  of  what  kind  tbe  lonn^itadinal 
Mtou  is  to  be:  as  to  which,  see  Article  165,  pp.  259  to  2G1. 

IL  D«tenuine  the  greatest  depth,  hy  the  considerations  men' 
iooM  in  Article  170,  p.  275. 

UL  Fiud  the  shearing  force  and  bending  moment  at  a  sufficient 
imnber  of  crom-sectious,  and  the  greatest  Khearing  force  and 
hiding  moment,  as  in  Articles  160,  161,  pp.  239  to  249. 
1  IV.  Multiply  the  greatest  bending  moment  by  a  proper  factor  of 
metj;  vrhich,  for  a  tmvelliug  or  otherwise  moving  load,  wiU,  in 
■Bentl,  bo  fix.  This  gives  tlic  breaking  moment  for  rupture  by 
■M-brcaking.  In  like  manner,  the  gi-eatest  shearing  foiT^e,  inulti- 
lld  by  a  pmper  factor  of  safety,  gives  the  tdtiraate  resistance  to 
waring  at  the  section  where  the  shearing  force  is  groate^st. 

V.  Determine  proviaumaUy  the  product  of  tlie  extreme  breadtli 
jjLaqiiare  of  tlie  depth  at  the  section  of  greatest  bending  moment, 
pKviding  that  moment  (Mp)  by  the  modulus  of  rupture  of  the 
rterial  (y),  and  by  the  projier  factor  («).  (See  Article  162,  equa- 
mil  5,  p.  252;  also  the  table  of  the  values  of  n,  p.  254.)  That  is  to 
jr,  Boake 

"'=^- <'■> 

livide  this  liy  the  square  of  the  depth,  already  found:  the  result 
Sn  be  the  f/rovisionat  extreme  breadlh,  h', 

,  In  some  cases,  such  as  those  of  T-shaped  and  double  T-shaped 
letioQS  of  equal  strengt)»,  the  above  process  may  not  be  convenient; 
|Dd  then  the  provisional  sectianal  areas  of  the  diUl-rc-nt  jiarta  of  the 
nm  are  U)  be  deduced  from  the  required  moment  of  resistance 
^and  the  already  tixed  depth  h,  by  the  aid  of  equations  1,  2,  3, 
Kr  5,  of  Article  1G3,  pp.  255,  256,  or  of  the  formulee  of  Article 
Kpfu  256  to  259. 

^P.  From  the  extreme  depth  and  the  extreme  breadth,  or  sec- 
Hkl  area  (as  the  case  may  be),  at  the  section  of  greatc-st  bending 
■meet)  find  all  the  other  required  transverse  dimensions  of  the 

HFiL  Thence  compute  its  weight.  If  this  is  a  sm.'dl  fraction  of 
Kftxtemal  load,  the  results  already  obtained  are  sufiicient. 
"VIII.  But  if  the  weight  of  the  beam  forms  a  considerable  jiart 
t  tbe  load,  the  results  already  obtained  are  provisional  only,  and 
m  lireadtlis  (and  therefore  the  sectional  areas)  are  to  be  increased 
M0wbere  in  the  proportion  given  by  Article  K>7,  equation  1,  p. 
HT  The  weight  of  the  beam  also  will  be  increased  in  the  same 
^Bortion. 

Hj^  means  of  equation  2  of  the  same  Article,  p.  262,  the  ratio  of 
IFwei^t  of  the  heam  to  the  external  load  may  be  found  ayproxi- 
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autely  so  800U  ns  ihc  cxtreiue  depth,  and  th«  duuneter  of  tlus  c« 
and  longitudinni  sections  have  been  fixed ;  and  then  the  bre&kil 
load  may  bo  found  appro xinmtely  by  equation  3  of  tho  au 
Article,  and  used  in  computing  the  requireii  ultimate  rrsistonoo 
erosarbrealdng  and  to  shearing;  whence  the  true  breadths  and 
of  the  beam  may  be  found  at  once.  But  •when  this  method 
followed,  the  exact  weiglit  of  the  beam  should  afterwards  be  coi 
puted  from  the  dimensiouA,  to  test  whether  tho  approximate  rail 
is  sufficiently  near  the  truth. 

IX.  The  'method  of  Article  ICS,  pp.  266  to  268,  may,  if  d 
sary,  bo  employed  to  test  whether  the  crosa-aectiou  at  the  points 
greatest  shesiring  forco  is  !^ufticic■nt  to  resist  that  force. 

172.  Sa4d««lr-apvUed  I.Mid— Rwtttlr-««IUiiC  L«a^  {A.  Jf.,  30l 
— A  sudden ly-ajiplied  tranaverac  load,  like  the  suddenly-appiii 
puU  of  Article  149,  p.  227,  produces  at  first  double  the  nuudai 

and  double   the    strain,   which   tlio  application  of  a  U( 
gmdiially  increasing  from  nothing  to  the  amount  of  the  given 
woidd  produce. 

The  action  of  the  rolling  load  to  which  a  railway  bridge  is 
jected  in  intermediate,  in  those  cases  which  occur  in  practice,  betve 
that  of  an  absolutely  sudden  load  and  a  perfectly  gradual  I 
has  been  invt-iligated  mathematically  by  Mr.  Stokes,  and 
mentally  by  Captain  Galtou,  and  tlie  results  are  given  in  th 
of  the   Commisflionera  on  the    Application  ol*   Iron    to 
Structures. 

The  additional  strain  arising,  whether  from  the  midden  apph 
or  swift  motion  of  the  load,  ia  sufficiently  ]»n.»vided  for  in  p 
by  tliB  nietlioil  already  so  frequently  refeiTed  to,  of  making 
factor  of  .s.ifpty  for  the  travelling  part  of  the  load  about  doabla 
tho  factor  of  safety  for  the  tixed  part 

173.  TllO   BMlllenro  or  HpHas  of  a  Bcam   (J.  .If,,  30o,)    is 
work jierfomutl  iu  bending  it  to  the  pnwfdefiectifm  j — in  oth(  r  wi 
the  energy  of  iM  greateti  aluxk  wliicli  the  b«»Mi  cau  li. 
injury;  such  energy  being  expressed  by  the  product  lI  _ 
into  the  height  finm  which  it  nmst  fall  io  pnxluco  the  s! 
question.     This,  if  the  loud  is  concentrated  at  or  near  one 
the  product  of  half  the  proof  load  into  the  proof  deflection ; 
to  say,  let  W  be  the  proof  load ;  thai  the  resilience  is 

s  


If  the  load  is  distributed,  the  length  of  the  beam  is  to  be  div» 
into  a  nimibcr  of  small  elements,  and  half  the  proof  load  <h) 
e/emeot  multiplied  by  l\i(s  O^XaiWce  x^luKni^  -wVudh.  that 


_ ;  daring  tho  proof  deflection  of  the  beam.     Let  u  he  that  dia- 
T;  then  for  beams  fixed  at  one  end, 


1  for  beams  supported  at  both  ends, 


U  =  tf,  -V, 


.(2.) 


Ix  be  the  length  of  an  element  of  the  beam ;  to  the  intetuaiy 
■  load  on  it,  per  unit  of  lengtli ;  then  the  resilience  is 


Ih 


wdx. 


.(3.) 


i 


in  which  the  determination  of  resilience  is  most  useful 
ice  arc  those  in  -wliich  the  load  is  applied  at  one  point, 
the  beam  be  fixed  at  one  end  and  loaded  at  the  other,  <? 
length  of  its  projecting  pai-t     Then 


Hettltence  =  ~ „  *  =  „-  ,-'^  -cbh. 
2       2ni     E 


.(4.) 


ion  consists  of  three  factors,  viz. : — 
16  Tolmne  of  the  prism  circuuLscribed  about  the  beam, 


/  = 


B  A  Jlodulua  of  Resilieaiee/-^ ,  of  the  kind  already  mentioned 

ftcle  149,  p.  227 

3!^  A  numerical  fkctor,^^ ;  in  which  n  and  m!  (see  p.   252) 

end  on  the  form  of  cross-section  of  the  beam,  and  «"  (see  p. 
'),  on  the  form  of  longitudinal  section  and  of  plan.  The  follow- 
are  values  of  this  compound  factor  for  a  ttdangular  eron- 

n'_ 
6" 


t 


for  which  n  = '»,  m'  = ,,,  and  therefore  ^ — >  = 
6  2  2  m! 


TTnifbrm  breadth  and  depth, 

Trniform  strength,  uniform  depth,  .. 
Uniform  strength,  uniform  breadth. 


r 

18 

1 
\2' 

1 

r 


i 

i 
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MATERIALS  ASD  STRUCTCCEa, 

If  a  beam  be  siipj)ort«(I  at  both  emU  aud  loaded 
its  length  bei  ng  /  -  If  c,  its  proof  deflection  ia  the  same 
ft  beun  of  the  sjime  tnuisvorse  diincjisioiia  aud  of  th| 
fixed  at  one  end  und  loaded  at  the  otlier;  and  its  pr 
double  of  that  of  tlio  latter  beam ;  tlieix'fon",  its  resilionc 
of  that  of  the  latter  bi-am.  Con«ccju*.'ntly,  for  rectangtdai 
the  half  sjiau  c,  .su|i]iortt'd  at  both  ends  and  Imuled  in  th 
■we  hare  the  followiug  values  for  the  numerical  fac 
reailienco : — 


IV.  Uniform  breadth  and  depth......... 

V.  Uniform  strength,  uniform  dojith, 


"VL  Uniform  strength,  uniform  breadth, 

171.   EdTcci   «r  TwJMlMS  «n  a  Bcnn.      (.1.  M.,  320   tO 

full  account  of  tlu;  tlicury  of  rcsiHtjiiice  to  twisting  and' 
would   be  out  of  place   in   the   ]ircscnt   treatiae.   as   M 
strticturoa  are   nuvcr  «ubject«l  to  any  considerable  stm 
kind.     For  the  8oluti<m  of  such  questions  as  commonly 
practice  respecting   auch  atructuixs,  the  following  jirint 
sufficient  : —  I 

I.  Tlio  Moment  of  Torsion  or  Tvyistlnrj  Momtml  of  a  lol 
the  inouH'ut  of  the  jmir  of  e<pia]  and  opposite  conples,  vUi 
applied  at  different  points  in  the  length  of  a  bar,  tend  to 
intemiodiatc  portion,  and,  if  gix?iit  enough,  to  bre^  it  by  w 

II.  The  Ultimate  Moment  of  ResUtance  of  a  bar  to  ■% 
ranges  friHn  about  once  and  ii-half  to  twice  ita  Mom( 
aistance  to  croH.<i-brc4iking. 

III.  Suppose  that  tlio  resultant  load  on  a  beam, 
6uppi>i-ting  pressures,  act  in  u  plane  which,  "instt-ad   of 
with  the  middle  longitudinal  vi-rtical  section  of  tho  IxMl 
one  si«le  of  tliat  sectiou,  and  iwimliel  to  it,  at  tho 
Then  besides  tho  heiidimj  iiiomeiU  on  each  cross-section  01 
(M),  found  as  in  Article  IGO,  there  is  a  TwUling  J/i 
value  is, 

T^P^L. , 

Pj  being  the  greatest  supporting  pressui-c. 

In  finding  tho  Moment  of  Ki-sistance  (Mj)  required 
'  "am  sufficient  strength,  tho  iollowing  Rij-mula  is  uear 
J  truth  for  practical  \)nv^>oaea'. — 


CSPAKSION    AXD   CONTRACTIOX   OF   DEAMS. 
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M 


Ti 


(2.) 


BieDsions  of  the  lioam  are  to  be  computed  as  if  tliis 
nsiead  of  M,  were  the  bending  moment  of  the  loud. 
I  Kspmaal**  nnd  Cealmction  of  long  beams  (.1.  if.,  309), 
B  fitim  the  changes  of  atmospheric  temperature,  are 
ividcd  for  1<Y  supjxirting  one  end  of  each  beam  on  rollers 
piardened  cast  iron.  The  following  table  shows  the  pro- 
I  which  the  length  of  a  bar  of  certain  materials  is 
py  on  elevation  of  tcmpenitui-e  from  the  melting  point 
~^alir.,  or  0"  Centigrade)  to  the  boiling  point  of  water 
pean  atmospheric  pressnre  (212°  Fahr.,  or  100^  Centi- 
i  is,  by  an  elevation  of  ISO"  Falir.,  or  100'  Ct-ntigKido : — • 

Metals. 

•00216 

-00181 

-00184 

0015 

i  iron, -ooiii 

IDuglit  iron  and  steel, -00114  10*00125 

J, 0029 

inum, -0009 

, -003 

"ooa  to  -0025 

^ -00294 

EARTny  Materials. 

Dsibilities  of  stone  from  the  experiments  of  Mr.  Adie.) 

k,  coraraon, 00355 

fire, -0005 

lent, -0014 

B,  arerage  of  different  kinds, -0009 

fcite, ...• '0008  to  -0009 

ble, ....,, -00065  ^^  'ooii 

Istone, -0009  to  -0012 

p^ -00104 

TlMDER. 

01  along  the  grain,  when  dry,  according  to  Mr.  Joule, 
Proceed.  Roy.  Soc,  Nov.  5,  1857.) 

vond,.... '000461  to  'OC0566 

•000438  to  •ooo^^ft 


S6S 
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Mr.  Joule  found  tliut  moisture  diminislies,  aunuls,  and  ir^ 
reverses,  the  exi»a»sibiUty  of  timber  by  beat,  aud  that  tensi 
increnses  it 

17G.  Beam  Fixed  lU  B«lk  Kad*.  {A.  if.,  307.) — Tbc  pnriicn 
probl'1118  respecting  beams,  which  have  been  s<i]ved  in  thr  ptprti 
ing  Articles,  hnve  all  refereuco  to  cases  in  whicli  the  Ix-i  .i 

iiviuly  fixed  at  one  end  and  londcd  on  the  projecting  j  g 

8im])ly  supiwrted  at  tlie  two  cnils  and  Iwidetl  between  thonj,  and; 
wliicli,conBequently,the  deUMtninatiun  of  tin;  alien  ring  force  iind  lien 
ing  moment  at  each  point,  and  of  tlie  cui'vature,  slope,  and  d<'Hccti< 
arc  simple  and  direct  processes,  proceeding  step  by  stfp  from  t 
determination  of  one  quantity  to  tliat  of  another.  In  thi*  and  t 
following  Aiiiclea,  i^roblems  vrill  be  considered  in  which  the  abai 

ing  force  and  bejiding  momai 
depend,  to  a  gi^uter  <ir  less  e: 
tent,  on  the  curvature,  slop 
and  deflection;  and  in  whic] 
^8- 1*^'  consequently,     tlie    algebmio 

proceas  of  elimination  is  often  n>quii"ed,  two  or  more  unknow; 
quantities  having  to  l)e  determined  at  once  by  solving  on  (xivui 
number  of  equations  at  the  same  time. 

A  beam  is  Jisced,  as  well  a.s  supijortcd  at  both  ends,  when  a  pM 
of  cqunl  ana  opposite  couples  are  made  to  act  on  the  vcrticj 
sectitnial  planes  at  its  points  of  sujti>ort,  of  magnitude  sufficient  t 
maintaui  its  longitudinal  axis  horizontal  there,  and  so  to  diminisi 
the  deflection,  6lo]w,  aud  ciurvature  of  ita  middle  portion.  This  i 
geneiully  accomplished  by  making  the  beam  form  part  of  om 
continuous  gii-der  with  several  points  of  sujiixnt,  or  by  making i 
project  on  either  side  beyond  ita  p<.iint<i  of  supi)ort,  and  so  fiuteoin 
or  loading  the  projecting  portions,  that  their  loads,  or  the  rmsbut 
of  their  fastenings,  shall  give  the  i-equired  j»air  of  couples. 

In  fig.  14S,  let  C  B  A  B  C  represent  a  beam  suppoi-ted  at  tlu 
point«,  O,  C,  loaded  along  ita  intervening  ])ortiou,  and  so  fixed  a 
loaded  beyond  these  points,  that  at  them  its  longitudinal  axis  i 
hoi-izoutal,  instead,  of  having  the  slope  t'^,  which  it  would  bar 
if  the  beam  were  simply  supported  at  C,  C,  and  not  fixed.  At  eac 
of  the  vertical  sectiona  above  the  points  of  support,  C,  C,  there  i 
an  v,ni/orm/i/-varying  horizontai  stress,  being  a  pull  above  and  1 
thrust  below  the  neutml  axis;  aud  the  moment  of  that  pair  < 
stresses  is  that  of  the  piir  of  equal  and  opposite  couples  whioi 
maintain  the  beam  horizontal  at  the  points  of  support  It  is  r( 
rjuired  to  find, — in  the  first  place,  that  resisting  moment  at  til 
vertical  planes  of  supjxjrt  (from  which  the  sbreas  on  the  materil 
thei-e  may  at  once  be  found);  and  secondly,  the  effect  of  tbi 
moment  on  the  curvature,  sVope,  d«l^«fi.NA.QvxvasAi£atn&'^bL<iCtheh 


nZJiH  FIXED   A.T  ENDS. 
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Tht;  general  method  of  solution  of  this  question  is  as  follows : — 

Compute,  by  equation  5  of  Article  1G9,  p.  271,  i\,  the  sIojkj  which 

the  neutral  surface  of  the  beam  would  have  at  the  points,  C,  0, 

if  it  were  simply  supportetl  there,  and  not  fixed.     Then,  by  the 

cmreasion  £I»'.-^c,  find  the  uniform  moment  of  fiexui-e,  which 

if  Jt  acted  on  the  b<^m  in  such  a  manner  as  to  make  it  become 

tPOTex  upwards,  would  jnoduce  a  slope  at  the  points,  C,  C,  equal 

md  contrary  t-o  t'j.     This  will  be  the  required  moment  of  r^ 

aslance  at  the  vertical  sections  O,  C.     It  will  afterwards  appear 

that  this  18  the  greatest  moment  of  resistance  in  the  beam ;  so  that 

by  putting  it  instead  of  M<,  in  the  formulje  of  Articles  162,  163, 

DtT  164,  pp.  2nl  to  259,  the  conditions  of  strength  of  the  beam 

m  ilctemiined.     Denote  this  moment  by  —  Mj,  the  negative  sign 

dmoting  that  it  tends  to  produce  convexity  upwards,  while  the 

loftd  on  tljc  V>eam  tends  to  produce  convexity  downwards. 

Let  M  be  wliut  the  moment  of  flexure  at  any  point  of  the  beam 
wmvJd  6e,  if  it  were  simply  supported  at  C,  C.  Then  the  actual 
maaoA  of  flexure  u 


M-M, 


lal 


sad  by  substituting  this  for  M  in  the  equations  of  Article  169,  pp. 
268  to  273,  the  curvature,  slope,  and  deflection,  with  the  pi-oof  load, 
«r  with  any  load,  are  found. 

Wilt-re  M  is  the  greater,  as  at  A,  the  beam  is  convex  down- 

v«rths.     \^'liere  M  is  the  less,  as  at  C,  the  beam  is  convex  up- 

▼ardi.     There  aiv  a  pair  of  jioints,  B,  B,  at  which  M  =  M^,  so 

■  '   '  '•  moment  of  flexure,  and  consequently  the  curvature,  vanish, 

■  beam  is  subjected  to  a  shearing  force  alone;  these  are 

1  jilttl  the  jKjints  of  contrary  flexure;  and  they  divide  the  middle 
[nrt  of  the  Ixam,  wliich  in  convex  downwaixis,  from  the  two  end- 

uls,  which  are  convex  upwai'ds. 
-      jJPLE  I. — Si/nimelrical  load  on  a  beam  of  uniform  section,  in 
jditral.     By  Article  169,  equation  6,  p.  271,  observing  that  I  =: 

2  c,  we  have 


»%  = 


»'  'wn?' 


And  by  the  table  in  the  same  Article,  p.  274,  Cane  I. 


-,        Ell'        n'E6A»i' 
Mt  :^  —         ^ * 

c  c 


H 


=  3m  m  irr=w''i»W/  =  TO"-M^, 


Mfl  being  what  the  borniing  momcut  at  A  tcouf-d  Itavt  been, 
bo:im  been  aimply  suppoi-ted. 

The  vnliics  of  w"  are  given  in  Article  169,  p.  271. 

Let  M'g  be  the  actual  beuding  moment  at  A.     Then 

iI'o  =  (l-7»-)Mo (2.) 

The  greatest  moment  of  flexure  must  be  eithei*  at  A  orC,  or«l 
both,  if  the  moments  of  these  sections  bo  equal  atul  opposite.    fiu1 

for  beams  of  uniform  section,  m*  is  never  greater  than  ^;  thi 

fore  the  greatest  moment  of  flexure  is  at  C,  or  both  at  C  and  A, 
ii»iid  never  at  A  alone. 


The  ultimate!  utrength  or  p-eatest  moment  of  resistance  of  tb 
lam  is  axpre«ae<l  by  the  following  form 
insteud  of  n»  W  I,  in  ecjuation  (J  of  Arti 


beam  is  axpre«ae<l  by  the  following  formula,  obtaiued  by  putting  ]tf 

icle  1G2,  p.  253: — 


V 
Ml  =  m"  OT  WW  =  njbh^; (3.) 

W  being  tho  breaking  loa<l,  and/the  modulus  of  rupture. 

Hence  it  apjiears,  that  6y  Jiximj  Uie  ends  of  an  unijhrm  bfam  » 
t/uU  tliey  alicUl  be  Jiorizonlal,  its  strength  is  increased  in  (he  rtrtio 
1;  W 

The  deflection  is  found  by  subtracting  that  due  to  the  untforU 
moment  M^  from  that  which  the  load  would  produce  if  the  beui 
were  Bimply  8upport*d  at  C  and  C. 

The  result  i»  as  follows ; — 


-  W       IV"   iil    —  V"         2A  EI  • 


»•<■'•- y)- 


^^      For  values  of  »"  see  the  table  nh"cady  refetted  to,  p.  274.     Fr 
^^ft^e  last  of  those  expressions,  it  ap{«:irs  that  by  fixing  the  cni 
P^rilorizontaJ,  an   uniform  bt-am  is  uiude  stiflbr  under  a  yiven 
f       in  the  ratio 


If  in  the  first  expression  for  the  deflection,  M,  Im  QOOSidered 


represent  tho  moment  of  resistance  correspouaing  to  the  pm 
or  limiting  safe  stress  at  the  section  C,  we  m;iy  mako  Mj  -^  I  =2^ 
-T-  w»'  A ;  80  !i8  to  obtain  the  following  exr>rci«ion  for  the  deflecbU 


^^vn 


wnder  the  proof  load: — 


dejledM 


_(n''       1\     fi 


V 


'••*•••«•■ 


.(3.) 


COITTIKDOCS  BBAUS. 
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VIsMi    at    Oae    End    ■■«!    Happortod    at   Both   IS 

the  same  oonclition  with  the  part  C  B  A  B  of  the  beam 

li&  Cmrtiaaea*  oirden.— The  ftindaiDcnta)  principle  of  the 
leoty  of  coDtiniious  girders,  with  the  load  distributed  in  any 
is  the  "  Theorem  of  the  Three  Moments,"  dne  originally 
►  dapeyron  and  Bresse,  and  improved  by  HeppeL  (See  Bresse, 
Appliqtiie,  part  iii.,  and  the  Proceedings  of  the  lioyaX 
for  1869.) 

(«=0,  p  =  0)  and  (a;  =  ^,  r  =  0)  be  the  coordinates  of  two 
^leent  points  of  support  of  a  continuous  beam,  x  being  horizontoL 
ic  and  the  vertical  forcea  I:*  i>ositive  downwards. 
At  ft  given  point  x  in  the  span  between  those  points  let  lo  be  the 
lead  per  unit  of  span,  and  EI  the  stiffness  of  the  cross-section,  each 
if  vhich  fnnctions  may  be  uniform  or  variable,  continuous  or  dis-  ■ 
eastinuooB. 

la  each  of  the  following  double  and  quadruple  definite  integrals, 
lit  the  lower  limits  be  z  =  0. 


.(1.) 


ken  the  integrations  extend  over  the  whole  span  I,  that  will 

noted  by  a(hxing  1 ;  for  example,  wjj,  Tip  ic. 

i-F  Ix!  the  npwaitl  shearing  force  exertc<l  close  to  the  point 

*roppbrt  {x  =  0),  Mq  the  bending  moment,  and  T  the  tangent 

erf  ihe  inclination,  positive  downwards,  at  the  same  point.     Tnen, 

liy  the  general  theory  of  deflection,  we  have,  at  any  point  x  of  the 

^^  If  the  following  equations : — 

Moment, M  =  Mo  -  Fas  +  in; (2.) 

Deflection, v  =Tx-'B'q-t-MQn  +  Y, (3.) 

et  M^  be  the  moment  at  the  further  end  of  the  span  I,  and 
wpi*<«e  it  given.  This  gives  the  following  values  for  the  shearing- 
fcroe  F  and  slope  T  at  the  point  {x  =  0) :— 

p^M^-M^+m,. ^^j 

luse  »j  =  0, 
,p    F2^-Moiij^-T\  /y^     ajX     M^y      m,7i    V,    ,g. 


i 
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CouBider,  now,  aii  adjacent  s|iaQ  cxteudiag  from  the  point 

suppirt  (j:-0)  to  a  distuiice  (  —  a-/')  in  tba  op|»o8ite  iliivoti( 
and  U't  the  dt'thiite  intt'gnil.s  expressed  liy  the  loriiuilie  1,  wi 
their  lowei-  limits  stilt  ut  the  suine  point  (a:=0),  be  taken  for  tfi 
new  spun,  Wing  distinguished  hy  the  suffix-  1  instead  of  1.  It 
—  T'  be  the  slope  at  the  iiointof  support  (x=0).  Then  we  li« 
for  the  value  ot  thut  slope, 

Add  together  the  equations  5  and  5a,  and  let  f  =  T-] 
denote  the  tangent  of  the  small  angle  made  by  the  neutral  lajei 
of  the  two  spijtifi  with  each  otlu>r  in  order  to  give  impeH'ect  con 
tinuity.  Then,  after  clearing  fractious,  we  have  tho  fullowiii 
equation,  which  expresses  the  theorem  o/the  three  moments: — 


0  =  M„(r/,n  +  g_^P  -  Hi  W^  -  »_/  P)  -  Miqp  -  M_^7  ^l 


m 


In  a  continuous  girder  of  N  spans  there  arc  N  —  1  nuch  equutiot 
and  N  —  1  unknown  moments;  lor  the  m<imetit8  at  the  endrm 
supports  are  each  ^  0.  The  moments  at  the  iiitermedintc  poitt 
of  Bup]mrt  are  to  be  found  by  elimination;  whieh  ha\ing  be« 
done,  the  I'emaiuing  quantitieH  required  may  bo  cninputed  for 
particular  iquiii  us  foilowH : — The  inclitiatiou  T  at  u  ijonit  of  snppa 
by  equation  5;  the  shearing  force  F  at  the  wuiie  jMijut  by  equati< 
4;  tho  (lelleetiot)  v  and  moment  H  at  any  point  iu  that  8pau  I 
equations  3  and  2. 

The  simplest  jMirticular  case  is  that  in  which  tho  crocs-eectioii 
uniform,  and  the  pici-s  equidistant.     It  may  be  deduced  from  til 
genei-id  fiirmulaj.    {Hee  Proceedinys  of  the  J\'oi/<U  -Society,  ibliy.)    Tb 
following,  iiuwever,  is  a  «[>ecial  demonbtration ; — 

Let  lig.  150  rei)re.serit  u  viaduct  of  several  spans,  consisting  of 
oontiDuona  girder  resting  at  C,  C,  C,  &c.,  on  a  series  of  equidisUI 


Fig.  150. 
piers.     Tho  cndinost  Rpatv  C  E  is  smaller  than  the  rest;  the  pri« 


>Je  upon  which  it  ia  io\)e  det*tinA'ae«l  V^JWui )ftS.v*«-«ii«?ii 


Ji 


OtBDCR   CONTIXCOUS  OVEE  P1EB8L 


,t,  the  brjtlge  is  to  be  conceived  to  consist  nf  an 
ig  i»eries  of  equal  spans,  eadi  altornute  span  only  being 
loaded  from  c-ud   to  eml  with  the  greatest  possible 
load. 

the  intensity,  per  lineal  foot,  of  the  fixed  part  of  the 
that  of  the  travelling  part;  so  that  w  +  to'  is  the  intensity 
on  the  more  heavily  loaded  spans,  A,  A,  «tc.,  and  to  th;it 
on  the  intermediate  spans,  1),  D,  «kc. 
,  denote  the  yet  unknown  negative  moment  of  flexure  at 
of  8U]iport  over  the  piei-s,  C,  C,  C,  ic 
heavily  loaded  division,  let  horizontal  distances  denoted 
leasnred  from  the  central  point  A. 

^  lightly  loatl<.Hl  division,  let  distances  denoted  by  x  be 
from  the  centi-al  point  D. 
J  ^  2  denote  the  half-sfian  of  each  baj'. 

beam  be  supposed  of  unifonn  section,  the  moment  of 
ing  I,  and  the  depth  /*,  as  before. 

following  are  the  results  of  the  processes  in  Article 


UsbOr  loaded  OMkloo. 


IlekTiljr  loxied  DlrlttoD. 


BmentM  = 


'M 


K^-^')-". 


n-=  r.liC^---')-".^} 


M+W'/ 


-Mjx 


ndition  of  continuity  of  the  beam  above  the  points  of 
^  that  for  x  =  c,  and  ac*  =  —  c,  the  slope  i  shall  be  the  same, 
the  following  equation : — 

W8  obtain  the  following  "value  of  the  negative  moment  of 
ibove  each  pier : — 

P^^J2jo^J2^^^^  ^^^^ 
this  into  the  expressions  for  bending  moments,  aud 
"        
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slope,  and  proceeding  wiih  the  processes  of  Article  169,  we  obtain 
the  following  results : — 


UgbUj  loaded  Dlrldon. 

He«Til7  losded  Dltlsioa 

Bending  Moment  Ms 

Slope » =s 

Deflectionoatany'y  _ 
point / 

6     *^     2^ 
Ell     6     '^'^     6*/ 
E I  I     24     "         12   "^"^ 

+24"^; 

w  +  210'  .     10  +  10"  . 

6       ""         2     ^ 

1    (w+iw  t        w+w*  ,\ 

El\~6~''  *■      6     ■^/ 

1     /»  +  3w'^     f£i  +  2«r' 

Elt~24~''  ~    ~12~ 

The  following  cases  of  these  equations  are  the  most  important  in 
practice : — 

Bending  Moments — 

At  the  centre  D  of  a  lightly  loaded  span, 


«>-«/,_«>-«/ .2. 
o~      6         "^4^     ' 

At  the  centre  A  of  a  heavily  loaded  span, 

tv  +  2w'  ^_w  +  2w'^ 
^"       6  24        • 


The  greatest  moment  of  flexure  will  be  either  M^  at  A,  or - 
C,  according  as  the  intensity  of  the  travelliug  load  to',  or  that 
fixed  load  w,  is  the  greater. 

Central  Deflexions  under  any  loctd — 


.(&) 


^ 


c 
Of  a  lightly  loaded  division,  v\  =  {w~2u/)  sv-prj  J 

c* 
Of  a  heavily  loaded  division,  tJj  =  (to  +  3  u>')  „ .  „  _.. 


(9.) 


If  toislesBthan  2«/,thefix8tofthe8ebeooinoian0iiRMi<ioii^lMia| 


^ 


BEAJf  COSTIirUOUS  OV£B   ftBMS. 

Cmtral  Dejlexlon  of  a  IteavUy  loaded  Division  under  t/ie 
Proof  Load — 
lfio':;^tp,  BO  that  M^:::^— Mj, 

_/V_   ttr+3«/ 

if  wiTi'te',  so  that  —  M^  ::?^  Mq ; 


The  carreBponding  deflections  of  a  lightly  loaded  division  ore 

found  by  multiplying  these  expre8»iona  by — -^ — ;• 

¥wd9  of  no  curvatture  occur  at  the  following  distances  fixnn  tho 
eeatre  gf  eswh  division : — 


In  a  lightly  loaded  division,  at  x'  = 
In  a  heavily  loaded  division,  at  a;  = 


3{w  +  ti/)' 


(10.) 


When  those  points  occur  in  pairs,  tliey  are  points  ofcontran/  flex- 
UTt:  and  this  is  always  the  C4ise  in  a  heavily  loaded  B[)an;  but  in  a 
btly  loadotl  span,  if  u/  =  ic,  there  is  but  one  point  of  no  carvature, 
ticii  ifi  at  the  middle  of  the  division,  and  is  not  a  point  of  con- 
flexure  ;  and  if  te'z^^  w,  there  is  no  such  point  in  that  span. 
C  E  represents  a  division  of  the  girder,  at  the  end  of  the  viaduct, 
I  wch  a  lenie^h  that  when  it  is  unsupported  at  E  its  weight  may 
'^at  least  sufficient  to  produce  the  proper  moment  of  flexure  —  Mj 
yp  the  nesireat  pier  C.      In  order  that  this  may  be  the  case,  its 
til  C  E  =  f  should  be  at  least  sutficient  to  fultil  the  followiu/ 


Da: — 


«nd  consequently,  the  least  limit  of  that  length  is  given  by  ih« 
* "         formula : — 


,  (^  means  "not  less  than,"  and  ^  "not  greater  than.") 
The  division  C  £  should  not  extend  farther  fiY)m  C  than  the 
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h 


farthcat  point  of  contraiy  flexare,  •when  that  division  htts  ihi 
travelling  load  on  it;  that  la  to  aay,  the  greatest  limit  of  its  length  " 


CE=.^.  (1.^31^) ('=•) 


In  opder  that  the  fulfilment  of  these  conditions  may  be  possihl<q 
tho  cxpreisaion  (12)  musL  not  be  less  than  the  expression  (H"^ 
Whrn  the  end  F]  of  the  ginUr  is  not  supportud  by  the  action  of  tL^n 
tttivclliiig  load,  it  rests  on  tiro  abutment  F.  j 

Throuxhout  tlio  whole    of  the    preceding   calciUations  in   tl-^ 
Article,  it  is  to  be  imdtM-storKl  tlmt  the  sanie  factor  of  safety  ia  e  jm 
plojfed  both  for  the  fxed  and  Om  trdvellinfi  f/rtrtn  of  (Jus  load.       i 
ia  considered  advisable  that  the  factnr  of  safety  for  the  ordior^J 
working  travelling  load  should  be  double  that  for  tlje  fixed  load  {^Ca 
example,  that  the  former  should  bo  6,  and  the  hitter  3).     Uencte  j 
and  w'are  to  1h<  hi4d  to  rc|>r(.:seut  the  iutt-nsiLics  of  the  two  pail»  orf 
tiio  proof  \osu\,  each  ln'iii'f  one-third  of  the  corresponding  |)ortioa| 
of  tjie  load  which  would  break  the  beam  if  divided  in  the  sanja  I 
manner;  so  that  M^  or  -  Mj,  as  the  case  niay  be,  is  one-third  o/ 
the  breaking  moment.     In  the  course  of  the  ordinary  traffic  upon 
th<!  bridge,  the  intensity  of  the  fixed  load  w  will  eoutinue  tlie  same 
as  befotv,  while  that  of  the  greatest  travelling  load  will  be  rwJiiced 
to  one-half  of  that  of  the   travelling  proof  load ;  that  is  to  say, 
w'  ~  2. 

Baner,  •r  SleplnR    nrnm  n^llh    na    Abnlmenl. — In   fig.   151, 

A  B  njiresents  a  straight  beam,  loaded  vitli 
weights,  and  having  an  abutment  at  A.  The 
supporting  pressures  at  A  and  B  arc  to  be  found 
by  the  process  explained  in  Article  112,  Case 
lij.,  p.  174. 

Resolve  the  load  and  the  supporting  prcssurea 
respectively  into  components  ])ai*allel  and  per- 
pt-ndicular  to  tlie  beam,  or,  as  they  may  be  called, 
longitudiual  and  tranaverae  components.  The 
strain  on  the  beam  ia  compounded  of  longi- 
tudinal compression,  produced  by  the  longitudinal  forces,  and  of 
iMmfling,  protluced  by  the  ti-ansverse  forces. 

For  example,  let  the  load  be  uniformly  distributed,  and  let  i«  b«  < 
its  intensity  in  lbs.  per  lineal  inch  of  the  .sftau  measured  horizontally; 
tliat  is  to  say,  if  Z  denotes  the  length  of  the  sloping  beam  hctween 
the  points  of  su]iport  A,  B,  i  its  angle  of  inclination,  and  W  the 
total  load,  the  value  of  that  intensity  ia 


Wsa'W    ^ICO&V. 


(L) 


STRESOTn   OP   A   SLOPlNa   BAFTEIL 


2!)3 


Tl>e  supporting  pressure  at  B  is  horizontal ;  that  at  A  is  iuclincd 
it  Uie  angle  "whose  tungent  is  2  tan  */  and  their  Talues  are  re- 
i}«9clively— 

AtB,  H  =  W-2tani) 

•  At  A,  jm  +  w2. ...)  ^"'^ 

TLu  Jongitiidinal  components  of  the  load  and  Bupporting  pressui-es 
•Wu  follows: — 

Of  the  load, -W  sin  i=  —  to  2  cost  sin  t; 

Of  the  pressure  at  B:  —  H  cos  »=  — -7.— .  — - ;    i 

.    ^"""^       [...(3.) 
Of  the  pressure  at  A ;   H  cos  t  +  W  sin  i 
W  /    1  .A 

^  negative  signs  in  the  first  tnro  expi^esaions  denoting  downward 
ktion.     The  tran5\-ei:Be  components  are, — 

Of  the  load,  —  W  coa  i=  -w/cos'tj  "j 

Of  each  of  the  supporting  ]  W  cos  i  \  ••{^■) 


pressures. 


J        2 


—Lt  A  denote  the  area  of  a  given  transverse  section  of  the  beam 
■•tE,  whose  distance  from  B  is  denoted  by  x'.  Then  there  is  at 
tbat  section  a  longitudiiml  thmst  whose  intensity,  found  by  dividing 
il«  imouni;  by  the  area  A,  is  as  follows : — 


-(t 


cos- 1 


2sini 


+  WX  cos  I  sin  t 


')- 


.(J.) 


The  bending  moment  M  at  the  same  cross-section  is  the  same  as 
h  X  beam  of  the  span  I,  loaded  with  to  cos^  i  lbs.  on  the  lineal  inch 
nuiuured  aioTvj  tli£  b«ttm,  aud  is  to  be  found  from  these  data  by 
tif  formula  of  Article  161,  Case  VI,,  p.  24G,  or  by  the  method  of 
Article  176,  p.  282,  according  as  the  beam  is  merely  hxed  in  position 
■1 A  and  B,  or  fixed  in  direction  as  well  as  in  position. 
It  may  here  bo  remarked  that  if  C  D  be  a  horizontal  beam  of  the 
/  cos  t  (being  the  horizontal  projection  of  the  span  of  A  B), 
with  the  same  uniformly  distributed  load  W  OB  A  B,  and 
'  i  or  fixed  at  the  ends  in  the  same  manner,  the  moment 
■  at  F,  the  cross-section  corresponding  to  E,  will  be  the 
u;^ae  K 
•^Lei  1  be  **the  moment  of  inertia"  of  the  cross-section  at 


....i^^        :ft: 
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p.  2d2)»  and  m'h  iho  distance  from  the  nentml  axis  to  i% 

Bidu  of  the  l^eam.     Then  the  moment  of  flexure  M  pi"oduces  ( 

ftddltioual  thrust  at  that  dde  of  the  intensity, 


„     Mjn'A 
P=~l- 


.(6.) 


80  thnt  the  greatest  intensitj  of  thrust  at  that  cTOSs-scction,  and  tj 
couditioa  that  it  shall  not  exceed  a  safe  limit  of  intoimty  (/')  4»i 
expressed  as  foUowa : — 


j/+p'^f. 


.(7.) 


In  the  best  practical  examples,  the  beam  is  fixed  in  direction 
A  and  B;  and  in  that  case,  the  greatest  moment  of  flexure,  am 
the  grc?ate3t  kmgiluiUnal  thrust,  both  occur  at  the  abutting  joint  A 
The  value  of  tlio  U-uding  moment  l>eing  taken  from  Article  17C 
equation  8,  p.  285,  the  greatest  intensity  of  thrust  is  found  to  bo 


p'+p"  = 


W  /  1 

2A 


/I        .    A 

1  -. ^.+  8Ull  I 

xsm*  / 


Wleosi  m'h 


12 


-r ("M 


In  designing  a  rfoping  beam,  the  depth  h  may  ])e  fixed  in  tfc 
fiitit  \t\act\  fifl  in  Article  170,  p.  275.  The  kind  of  croas-ncctia 
adopted  will  then  fix  tlic  ratios  to',  and  I-j-m'/t^A,  I  and  ^ 
thouisclvos  being  still  indet^-rmiunte.  Let  the  last  of  these  ratio*  % 
denoted  by  q.    Then  equation  7  may  be  put  in  the  following  form  :-• 


,      ,     W   (1  /  1         .A 


/  COS l> 

^■12?/*) 


.(7r> 


vhence  is  deduced  the  following  formula  for  computing  tJie 
quired  sectional  area : — 


A  = 


W 


-KBint 


f  \2  Vain  t 
Table  of  Values  of  g  =  I  ^  »»'  A^  A 
given  in  Article  163j  p.  254  j. 


)*  COB  t )  ,_    _, 

^I2gh\  <«-! 

(nbh       , 
=  -T- ,  n  naving  the 


Form  of  Cross-Section. 


L  Boctangle,  

JX  Ellipse  and  Circle, 


TABLE  OP  PACronS — SliOFIKG   BEAJC 

m  Hollow  Rectangle,  A  =  hh-b'h';] 

also  I-formetl  Bectinn,  b'  being  !  1  {i_^']^'^  ^  (i  —  ^lh\ 
tbe  sum   of  tUe  breadths  off  GV       6/iV  '  \       6A/j 
the  lateral  hollows, J 

rV.  HoUow  Squans,  A  =  h^--h'^ J  0"^  7^)- 

y-'^'-^^. iO-ftO*0-^' 

VI  Hollow  Circle, ^  A+^. 

VIL  T-formed  Section :  apjiroximate  so- 
lution us  in  Arliclo  1 63,  equation 
2,  p.  255,— 

(BT^ge  A.;  ,eb  A  J ^^0r)^ 

VllL  Double  T-formed  section;  approxi- 
mate solution  as  in  Article  1G3, 
equation  4,  p.  256 
(Flanges  A^,  A^;  web  A,;  the 
beam  supposed  to  give  way  by 
crushing  the  flange  A^ 

Aj  (Aa-t-4Ai  +  4Aa)+12At  A^ 
6(As  +  2A^(Aj  +  Aj  +  A3) 

IX.  Double    T-formed    section,    alike  )      1  /.     4  A^     \ 

above  and  below  (Ag  =  Ai); /      6  V       A2+2  AjA 

When  the  deflection  of  the  sloping  beam  A  B  is  compared  with 
tkkt  of  the  horizontal  beam  C  D  of  equal  horizontal  span,  and 
Tmdcr  tbe  same  load,  it  appears,  from  the  pi-jnciple  of  Article  169, 
p.  273,  that  (/'  those  beams  are  of  equal  and  aimilar  cross-section, 
ihrir  deflections  at  corresponding  points  being  as  the  cubes  of  the 
and  as  the  loads  producing  deflection,  which  are  invi-rsely 
kngths,  are  to  each  other  &»  the  squares  of  the  Icuj^haj 


Deflection  of  A  B  ;  deflection  of  C  D  :  :  1  :  cos  - 1. 


.(».) 


•Also,  the  vertical  componatti  of  the  deflections  are  as  the  lengtl^ 
*"nply,  or 

Tertical  component  ofj  .  ^^q^^^^^^  of  C  D  : :  1  :  cos  t...(10.) 


deflection  of  A  B,. 


)       1 

M 
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But,  if  A  B  ia  increaaed  in  breadth,  as  compared  ■with  C  D  in  tlH 
i-atio  of  1  :  vo»  ?',  or  stn^  i  :\,  the  vertical  comfwncitts  oj  their  dejlfcti/jit^ 
will  be  equal.     This  ]>rinci|ilo  will  bo  i-eferroil  to  in  the  next  nrticlft 

17^  A.  To  DmIuco  Ibc  fSn-iucal  Hireaa  !■  ■  Beam  fr«m  the  DeOerttoa. 

— This  is  (InTie  by  means  of  a  formula  deduced  from  cquatioQ  IJ 
of  Article  IGU,  p.  '11 'i^  as  follows; — • 

Let  h  be  the  dejith  of  the  buaui  at  the  section  of  gi-eatest  stress 
and  m  h  ihe  distAuce  from  the  neutral  axis  of  that  section  to  thot- 
surfuce  of  the  beam  at  which  the  greatest  stress  is  r*-quired ;  tn',  k, 
factor  explained  in  Article  \G2,  p.  2b'l,  de2>endiDg  ou  the  form  cC 
croBS-section :  — 

Cy  the  half  .<)pan  of  a  beam  8\i])portcd  at  both  ends,  or  the  lengtlf 
of  the  loadi'd  |ii\rt  of  a  beam  supported  at  one  end; 

n,  tho  factor  for  prf>of  deflection,  explained  ond  exemplified  id 
Article  \m,  pp.  273,  274; 

E,  the  niodiihis  of  ohi-sticity  of  the  mateiial; 

V,  the  observed  deflection ; 
then  the  inteu&itj  of  the  greatest  stress  is 

Pi=     «-.»  ^^'1 


W 


To  the  values  of  the  factor  r*"  given  in  tho  table,  p.  274,  may 
luUU'il  the  following,  which  are  taken  fi-om  Articles  176  and  177» 
I.|>.  U84,  2^0,  286,  288,  and  289. 

Oases. 
XIV.  Beam  fixed  at  both  ends,  section  vinifomi,  \ 
load  io  the  middle, f 

XV.  Beam  fixed  at  both  ends,  section  uniform,  \ 
load  nniform, / 

XVI.  Beam  fixed  at  both  ends,  depth  uniform,  ) 
loud  luiilbrm,  strength  uniform, j 

XVII.  Beam  imperfectly  fixed  at  both  ends,  section 
uniform,  load  unifoi-m,  tho  dead  load  w 
being  small  compared  with  the  ivlling 
load  to',  and  the  greatest  stress  in  the 

middle, 

XVIIL  Beam  imperfectly  fixed  at  both  ends, 
section  uniform,  load  uniform,  the  dea<l 
load  w  being  consi<lenible  compared 
with  the  rolling  load  w/,  the  lesser  of 
the  two  following  factoi-s  (see  p.  2!)1), 

180.    8lrca|lli  and  SlimirMof  an  Arched  Rib  andcv  Vertical  d 

Vig.  152  repi-escnta  an  avc\\ed  tv\i,  B^vi^\i%  ^toc^. 


FaetonL 
1 
6' 
1 

8" 

1 

4*0  +  8^ 
«g  +  3«/ 


leal  L>aMt^ 
*.  \ait  oi 


Fig.  152. 


SnUCiGTH   ASD   STrPFNKSS  OF  ABCHED 

iticftnents,   and    supposed   to 
ODB'    be    a 

.  ^. .  l;       travensing 
centres  of  gra- 
rityof  all  the  cross- 
lions  of  tbe  rib: 
may  be  called 
ntHtral  curve; 
I    it    represents 
kfi^nreof  a  "liu- 
•  arrb,"  or  indc- 
jfcutdy  thin   rib,  "whose   conditions  of  eqwilibriiun  are  the 
•ilii  those  of  the  actual  arch.      Those  cnnditions  have  b 
]iluiied  iu  Article  123,  Case  II.,  pp.  l«<j,  187;  Article  124,  p] 
IS><;  Article  125,  pp  188  to  IWl;  Article  128,  pp.  195 
Articles  130,  131,  and  1.32,  pp.  199  to  203. 

Whea  a  vertical  load  is  distributed  over  the  arch,  afjrei 

thf  conditions  of  equilibrium  of  the  neutral  curve,  each  part^ 

lilt-  airli  is  cotnjjresKod,  in  u  direction  panilifl  to  a  taiigeut  i 

Dearest  point  of  the  neutral  curve ;  and  but  for  the  circum( 

[to  be  stated  presently,  that  compression  would  be  uniform  thri 

inrt  Mcb  cross-section  of  the  rib,  so  that  the  ncuti-al  curve  wo« 

Lm-  "  line  of  resistance." 

But  the  compreflsioD   depresses   the  whole   arch,  so   thai 

|aaitrd  curve  assumes  some   new  fi|rure,  such   as  B  a  c  rf 

r'iiicb  its  curvature  at  eacli  \mai  difler.s  from  the  original 

)bne;  and  beuce,  even  under  a  load  distributed  as  for  au  ^ 

Ited  or  hiiear  arch,  there  Ls  a  bending  action  combined  wilj 

compression.       When  the   distribution  of  the   load   ^ 

that  suited  to  the  nexiti-al  curve  as  a  linear  arch,  the  bel 

>n  varies  in  its  amount  and  distribution.  | 

In  either  case  the  arch  acts  in  the  double  capacity  of  a  rib  t 

compression,  and  a  l»eam  under  a  transverse  load  ;  as 

and  stress  at  each  point  are  the  resultants  of  the  straiflj 

arising  from  the  dii-ectly  compressive  action  of  the  load 

jni  its  bending  action.  I 

Problem   First.      General   Case. — In  solving  problems  1 

plate  to  this  subject,  it  is  in  general  most  convenient  to  mfl 

linates  from  a  point  such  as  O,  in  the  same  vertical  liuej 

end,  B,  of  the  neutral  curve. 

C  being  any  poiut  iu  the  curve,  let 

a;  =  O  E  be  its  horizontal  distance  from  0; 
y  =  E  C  its  vertical  depth  below  O; 
Let  i  =rli  JS'  be  tie  span  of  tbe  Deutral  curve,  and  h  iita 
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Let  to  be  the  wIioIq  intensity  of  the  vertical  load,  vbatiier  o 
Btant  or  vamble,  in  lbs.  per  inch  of  horizontal  distance,  ao  that 


/to  d  xis  the  "whole  load  on  the  arch. 
0 


[The  load  w  d  x  on  each  small  portion  of  the  arch  may  be 
ceivcd  to  consist  of  two  parts, 
w^  d  X,  producing  direct  compi-ession  alone,  being  distriboti 
according  to  the  laws  of  the  equilibrium  of  a  linear  arcb, — that 
in  suclx  a  manner  that  Wj  =  II   .-^  (H  being  the  still   undetli 
Siinod  horizontal  thrust  of  the  arch),  and 
^  {w  —  w^dx=(w  —  K  -^  dx, (l.y 

proflncing  bending. 

lluviiig  formed  the  preceding  expression,  by  putting  for  to 

.  "^  their  proper  values,  proceed  as  follows : — 

The  vertical  component  of  the  ^bearing  force  at  any  point,  tat 
as  0,  is  (see  p.  242) — 

P=F.-/;».«  +  n(:'|-f-^) (1> 

Ff  being  the  Rtill  undetermined  vertical  component  of  the  shei 

ing  force  at  B,  and   .    **  the  elope  of  the  neutral   curve  at  %i| 

point 

The  bending  moment  at  O  is  (see  p.  243) — 


M 


=  Mo  + /'f  rf X  =  M<)  +  Fo  a:  —  r|'«  «* a^ — 


li  (^0— y+ 


'W 


I 


(1) 


Mg  being  the  still  undetermined  bending  moment  at  R 

The  aliertUion  of  curvature  mroduced  in  iho  neutral  curve  atC  1e 

the  bending  action  is  —  M  -^  E  I ,  the  negative  sign  being  prefixji 

to  denote  that  downward  curvature  ia  to  be  considered  as  potsii 

and  the  aiteration  o/ slope  is  expressed  an  follows: — 


dv       .        /■'   M        / 


dy* 


<f  xj. 
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.(5.) 


I'ing  tbe  still  nndctormined  aherafcion  of  the  slope  at  B. 

||Tke  Vertical  dellection  at  C  is  expressod  thus,^ 

t;  =  /     i  d  X. 

J  0 

>icnding  action  of  the  load  is  thus  expressed  by  the  four 

ns,  2,  3,  4,  5,  containing  four  indeterminate  constants,  H, 

l^V^  iff.     If,  in  each  of  those  equations,  x  be  made  =:  I,  ex- 

ns  are  obtained  applicable  to  the  further  end  of  the  span,  B'. 

expressioas  may  be  denoted  by  Fj,  Mj,  tj,  w^. 

Let  fla  =  CDz=Jdx-'\-dy^  denote  the  length  of  an 

Bilefiuitcly  short  arc  of  the  neutral  curve.     That  arc  is  nut  altered 

mph  by  the  bending  action  of  tlie  load;  but  it  is  altered  by 

direct  compreaaion  in  the  proportion  given  by  the  following 

jOKtion: — 

H  — 
dt  dx  ,f,. 

rf-«=-^A' ^^-^ 

which  A  denotes  the  aectional  area  of  the  rib  at  C,  and  tlio 
Begttlive  sign  indicates  comprcijsion. 
To  find  tlie  combined  effect  of  the  bending  action  and  the  com- 
neivti  action  on  the  figure  of  the  neutml  cur\'e,  proceed  an 
blloirs: — 
Let  V  denote  the  positive  horizontal  displacement  of  a  point  in 
C.     For  example,  C  D  being  the  original  poidtion  of  an 
short  arc,  and  c  dita  altered  position,  let 

OE  =  xj  OF:=x  +  dx; 

CD  =  ds; 
0«  =  «  +  «;  0/=^  x-\- u-\-d  x-\- dui 

9c  =  j/-{-v;  /d  =  j/  +  v  +  di/  +  dv, 

cd  =  d8-\-dt. 

Then  from  the  two  equations, 

d^  =  d3^  +  dy^l 

{dii-\-dlf  =  {dx-\-duf-\-{dy'\-dvf; 

The  following  is  deduced : — 

^dt'dt-^-dfi—^dx'du-^du^  +  ^dy'dv-^-di^; 

this  the  terms  d  t\  d  u\  d  t^,  may  be  rejected,  aa  Vqk| 


m 


isoo 


MATERIALS  ANIJ  BTBUCTfRES. 


preciably  small  compared  with  the  other  terms,  redudngiti 
following: — 

f'frhence  is  obtained  the  following  expression  for  the  , 
[placemeni  ofV)  relatively  to  C: — 


,         d  a  , ^      dy  , 
du  =  J-  dt  —  -~dv. 
ax  d  X 


ds^ 


For  d  t  pnt  its  value  according  to  equation  6,  and  make  -.  -« 

ii    •> 

Vy^,  and dv=:idx:  then 
|tt  a." 

f  vhicli  being  iutegrated,  gives  for  the  horizontal  dispUeei 
(»elativtilj  to  B  and  in  a  direction  away  from  it, 

an  expression  containing  the  same  four  indet<5rminat« 
that  liave  already  been  mentioned;  and  if  x  be  made  =  ^J 

I  is  obtained  the  alteration  of  the  span  B  B',  which  may  be  i 

'by  Vy 

If  the  abutments  are  absolutely  immoveftble,  u^  =  0. 
yield,  «,  may  Imj  found  by  experiment     Hence,  as  a  Jim  \ 
of  condition  lor  liuding  the  indeterminate  constants,  we  \\axt\ 

•Uj  =  0,  or  a  given  quantity. 

A  second  c<^iuation  of  condition  expresses  the  iinmobUitJ 
^vertical  direction  of  B',  the  further  end  of  the   rib,  ami 
follows : — 

(» 


ri  =  0. 


ends  of  the  arched  rib  are  either  fixed  or  not. 
ion.     In  the  former  case,  <q  =  0;  and  ia  the  latter,  M«j 
that  in  either  case,  the  number  of  indcterminato  const 
educed  to  three.     One  mon*  equation  of  condition  ia  thd 
uquired;  and  it  is  one  or  other  of  the  following; — 

If  the  ends  are  fixed  in  direction,  tj  =  0;  .««<..| 

if  they  are  "uot  laxcA  m  <i\i're<iW3\x,^^=.<i, . 
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H§  Talttes  of  the  three  constants  being  found  by  elimiaation 
is  Ums  tbree  equiitions  of  coufiitioii,  are  to  be  iutroJuced  into  the 
{iressioiu  for  the  moment  of  flexure  (3)  aud  the  deflection  (5), 
lich  will  now  become  formulie  for  calculation. 
If  thrust  be  treated  as  positive,  and  tension  aa  iie;i;ative,  the 
mtcst  intensity  of  stress  at  any  givea  cross-section  la  to  be  com- 
iied  by  the  formiila, 

f/a:_.    Mm'/*. 
Pi=  -A  l~' ^    -' 

le  positiTe  or  negative  sign  being  used  according  as  the  moment 
(acta  towards  or  from  the  edge  of  the  rib  under  consideration, 
|nw  distance  from  the  neutral  curve  is  m'  h. 

From  the  expression  12  may  be  deduced  the  position  of  the 
oi&t  where  the  stress  is  gi-eateat  for  a  given  arrangement  of  loud, 
b  arrangement  of  load  which  makes  that  stress  an  absolute 
Ituimum,  and  the  con*esponding  value  of  the  stress. 

The  vertical  deviation  of  the  Utis  o/resistanca  from  the  neutral 
irre  at  any  point  is  given  by  the  expression 

M  -i-Hj (13.) 

iA  ita  perpendieular  or  nortnal  deoialion  by  the  expression 

"^H^; (U.) 

td  these  deviations  take  place  in  the  direction  t owai-ds  which  M 

When  the  deflection  is  found  by  direct  experiment,  the  following 
Dnntila  may  be  usetl  to  compute  the  greatest  stress  from  it : — 

1  H  — 

dx        i^in'hv  ,Trv 

P^=-A-—      n-r-      ' ^^^-^ 

■I  Koood  term  being  similar  to  the  expression  in  Article  179  A,i 

h^e  preceding  is  a  general  method,  applica])lo  to  all  cases  in 
Hit  the  load  is  vertical.  The  following  particular  cases  are  the 
Hi  useful  in  practice : — 

HhoBLEM  Second.     liib  of  Uniform  Stiffness. — If  the  depth  andi 
Ipre  of  the  ci-oss-section  of  an  arched  rib  aro  uniform,  and  its 
Bulth  is  at  each  ])oint  proportional  to  the  secant  of  the  inclinatioa 
H  fhe  rib  to  the  horizc>n  at  that  ]x>int;  that  \a,  to 
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dx 


=v 


^  +  d7»' 


BO  that  if  A,  be  the  sectional  area,  and  Ij  tho  moment  of  tm 
of  tliR  rib  at  the  crown,  and  A  and  I  the  conT.s[X)uding  qtmntitil 
at  anj  other  point,  we  have 


^V^=i=V 


1  + 


dx^' 


.(16.) 


tbon  the  intensity  of  tho  direct  thiiist  along  the  rib  is  everywh 
equal,  and  the  vertical  deflection  at  each  point  is  the  samo  wi< 
that  of  an  uniform  straight  horizontal  beam  of  tho  eame  scctii 
with  tlie  nrchcd  rib  at  its  crown,  and  acted  upon  by  the 
bending  momunts. 

ThiH  is  expressed  symbolically  by  introducing  the  precethr^ 
cxpressionit  into  equations  4,  G,  8,  12,  and  15,  which  now  take  til 
following  form  i — 


(6  a.) 


dj 
ds 


H 
EA^' 


»=-A/:o+^-^)^"-/:4^'^t'-) 


In  the  present  case,  as  well  as  in  all  cases  in  which  the  i 
and  tignro  of  section  arc  uniform,  it  is  convenient  to  exprtsj 
moment  of  inertia  of  the  cross-section  in  terms  of  its  are* 
de])th,  OS  in  Article  178,  p.  294,  by  the  aid  of  a  factor  7, 
follows : — 

I=qm'  7*2  Aj (IT.) 

(sec  the  table  of  values  of  q,  pp.   2D1,  205);  for  thus  E  A, 
rendered  a  oomraon  divisor  in  tho  expression  (8  A.)  for  the  ch 
of  s]jau,  which  beoomea 


f'u-dx^\; 


^^■n^hilc  equation    12,  for  the  greatest  stress  at  a  given  croasH 
^^Btocomes 


■{16.) 


L 
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.(12  a.) 


ing  a  ready  meaoa   of  computing   the    requisite    area    of 
■Mbon,  wlien  the  depth  and  figure  hare  beou  fixed  before- 

V  of  luiifonn  stiffness  are   not  of  common   occurrence   in 
ioe,  but  the  formulae  relating  to  them  may  bo  upplied  with 
error  to  llat  segmental  ribs  of  uniform  section. 
OBMiM  Third.     Case  hi  which  the  Abutments  yield  proportion- 

0  the  Horizontal  Thrust. — Let  the  enlargement  of  the  span  of 
rch  duo  to  horizontal  thnist  be  expressed  by  the  equation 

1  «,  =  aH; (9  a.) 

equation  8  takes  the  following  form : — 

3 

\i 


rib  of  uniform  a 


0        E  A 

ior  a  rib  of  uniform  stiflness, 

oo->efficient  a  may  be   determined 


H{a 


by  experiment.  For 
pie,  in  the  cc)urse  of  some  recent  experiments,  a  stone  pier,  24 
broad  and  1 1  feet  tliick  at  the  base,  was  found  to  yield  to  the 
It  of  '27  of  an  inch  to  a  thrust  of  240,000  lbs.  applied  at 
ght  of  2S  feet  above  its  base.     In  this  case,  the  value  of  a  waa 

25^  =-000,001.125. 

irther  experiments  are  wanting  to  establish  general  principles 
the  yielding  of  piera  and  abutments. 

lOBLEM  Fourth.  Parabolic  Rib  with  EoUing  Load;  the  Endi 
in  direction;  the  Ahulments  immovecd}le. — The  followiug  is  ibe 
useful  case  in  practice ; — Let  the  neutral  curve  E  A  B'  be  a 

K,  and  the  rib  of  uniform  depth  and  uniform  stiffness;  and 
ends  bo  broail  and  flat,  and  accurately  bedded   on   the 
ks  from  which  they  spring,  so  that  their  directions  may  be 
!ded  as  fixed;  that  is  to  say, 

k^  =  h  =  0 (19.) 
the  origin  of  co-ordinates  on  a  level  with  the  summit  of  the 
nU  curve;  then  the  equation  of  that  curve  is  as  follows,  k 
J'  its  liae: — 
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4  Jc(l  \« 


Whence  we  have — 


(/2  y  _  £^ 
5^~    l^' 


(21.) 


We  further  firid — 


/i-j^dx=  i    -r^ c?t>  =  (because t>o  =  «,  =0) 
0   dx  J ^dx  0       1/ 


8A  /•' 


.(22.) 


being  in  this  case  simply  proportional  to  the  area  of  dejied\ii*i 

/vdx. 
0  , 

Let  the  rib  be  nnder  an  xiniform  fixed  load,  w^  lbs.  on  tw 
horizontal  lineal  inch,  and  a  rolling  load  of  to  lbs.  on  the  horizontw 
lineal  inch ;  the  rolling  load,  covering  the  horizontal  length  r  I  * 
the  rib  at  the  end  furthest  from  the  origin  of  oo-ordinates,  leava 
(1  — r)l  unloaded. 

Then  equations  2,  3,  4,  and  5,  become  as  follows: — fonnul» 
relating  to  the  unloaded  division  being  denoted  by  A,  and  thos* 
relating  to  the  loaded  division  by  B, — 

Shearing  Force, — 


(B.) 


'P  =  ^,-^(^~-v,^x-u>[x-{l-T)l]; 


1(21) 


BENsma  Moment, — 


(A.) 


«,/a;_(l_r)il* 
5  ; 


(84) 
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AtTiRiTiOB  OP  Slope, — 

(A)  » 
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{-^ ^ojo-jj  [(25.) 

(R)  I  to  the  fiwrtor  in  brackets  add  + -^  <  X  —  (1 — r)l\    J; 
Deflzction, — 

(E)  (to  tbe  factor  in  brackets  add  +  si  {  « — (^  —  »•)  O   )  J 

Tlie  equations  of  condition  are  the  following : — 
^  =  0  gives 

-Mo-F„--  (--, «'p)g  +  -g-^  =  0; (27.) 

c,  r=  0  gives 

^H- \rw- -'"V  U  +  -^r-  =  o>-(28) 


M„ 


24: 


The  condition  that  the  abutments  are  immoveable,  or  u^  :=  0. 

Bid  multiplying  both  aides  by  - —    ,  . ^,  we  have 

6         24  "^120"^    120  I  15"^     tf  Jt 

By  elimination  between  the  three  equations  of  condition,  the 
Mowing  results  are  obtained : — 


(29.) 
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then  the  horizontal  thmst  is 


H  =  8(™{-o  +  -(^<>''--l^'*  +  «'^}<^ 


•(3 


1(1 +B)- 
the  bending  moment  at  the  nnloaded  end, 

I0r»  —  I5r*  +  Qr^\ 
l+B  J 

and  at  the  loaded  end, 

l  +  B  J 

The  greatest  intensity  of  stress  occurs  at  the  loaded  end  < 
ribj  and  its  value  is,  for  thrust; 

P^  -  A,\     ^J^  )  -  SA,\l  +  B\jk^  3q  h) 

lOrS— 15r*  +  6r5 


+  « 


\3~p~k)))  * 


l  +  B 


for  tension,  let  p\  denote  the  stress,  and  q'  the  value  of  the 
q;  then 


+  w 


_J_/Mi_     \__^(_«^/JB        1\ 


10  r8  — _15_r*jH6_rf 
l  +  B 


Let  r^  denote  the  value  of  r  which  gives  the  absolute  max 
of  thrust;  f^  that  which  gives  the  absolute  maximum  of  t( 
(iimj)t  then 


cud  those  absolute  nuucima  are, 


3  q  k 


EqtiAtion  37  serves  to  compote  the  proper  sectional  area  for  tho 
ih^  ■when  its  depth  and  form  have  been  fixed.  If  equation  38 
ires  a  ne^tivo  result,  thnre  ia  do  tension  at  any  point  of  the 
iK 

The  vertical  component  of  the  shearing  force  at  the  unloaded 
is 


•2ll-Mi^\ 


IQfS—  15  r^j\-  6  r^ 
1-fB 


)};(39-) 


d  this,  together  with  tlie  proper  values  of  —   Mq  and  of  H, 
ing  mhstituted  in  equation  26,   enables  the  deflection  at  any 

loint  io  be  computed. 
W^ea  q  h  -i-  kf  q  h  ^  k,  and  B,  are  all  very  small  fractions  (aa 

I  often  the  caae),  the  following  equations  are  nearly  true : — 

r,  =  r'^  =  li (36  a.) 

When,  on  the  contrary  (1  -fE)  -i-  f  1 ^ir)   ^  equal  to  or 

renter  than  5^2,  the  greatest  intensity  of  thnut  takes    place 
htm  the  beam  is   loaded  along  its  whole  lengthy  and  -whea 


aea     1 


(1  +  B)  -  ( 
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18  c<|ua1  to  or  greater  tlion  5 


.p^atost  intensity  of  tension  also  takes  place  when  the  Jwain 
loftdtd  along  ita  whole  k'U{,dh;  that  is  to  say,  r^  z=  r\  =  I ,  tu* 
then  we  have  the  followiug  equations : — 


.(33  a) 


f  The  effect  of  un  auxiliari/  horizontal  girder,  made  fjut  to 

arched  rib  at  its  crown,  will  bo  considered  further  on  (pp.  313, 

Probleu  Fifth.  In  the  8am«  ca9e,  v^ten  l/us  Abulmc7Ui  yittd  ] 
(he  thrutt  to  cu  to  enlarge  (he  sjmn  to  (lie  ex(^TU  u.  =  a  II ;  it  is  ontj 
uecessaiy  to  make,  throughout  the  formulffi  of  Problem  Fourth, 


..(w.) 


^^  ueces 

I  Froblek  Sixth.    Parabolic  Rib  of  equal  stiffness,  supported  al  th4 

f        ends,  but  not  fixed. — The  fonuulse  of  Problem  Fourth  are  applicable  U 

thia  case,  with  the  modificatioQs,  that  Mg  nod  M^  are  each  =  O.utid 

that  tfl  becomes  an  iiidetenninate  constant.     Hence  the  followia|g 

resvilts,  in  whii;h  the  tirina  enclosed  in  square  brackets,  [  I  latr* 

j         reference  to  the  loaded  division  of  the  rib  only : — 


F==Fa+(-p--«'o):^-[«'{x-(l-r)i}]; 


fSkU. 


10  • 


»=«n 


V  =  t^X 
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5-[i{-<'-')'}*]h 
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■  («.) 


(44.) 


:  a  H  denoting  the  enlargement  of  the  span,  tis  in  Problem 
hart', — 

' = -  (^ -^  37^ -^ -7- )^a; + 1^  V '^^^  •••(^^•^ 

ftiag  muItipHrd  >>y  <7  m'  A^  E  A^  -^  8  k,  and  proper  substitu- 
9,  gives  the  following  equation  of  condition : — 

2  24  '^'I'la^    120 

I  oUver  two  equations  of  condition  aro  as  follows : — 


...(46.) 


+ 


«?r*Z3       HU- 


24 


0  =  ^i  =  F  _*?pi_  *l!l-^4.  "^  ''  ^ 


I 


I 


(47.) 


.(48.) 


^ons  40  and  47  give,  by  eliminating  j'q,  and  dividing  by  P, 
ring;— 

k 


j  I       jy W^y.   , /(?>fs     a  E  A,\  ) 


...iS^:) 


:,Ml. 
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and  oliiniuatiBg  Fg  between  this  eqoation  and  4S,  we  obt&iu  tb 
foUowiu" : — 


H* 


0  =  --^J--^{5^-^r*+2^)+^i 


...(50.) 


wlicncc,  using  the  following  abbreviation, — 

c=-fr(i+'t';+»-^,^)} (^ 

we  have  the  foliowiug  values  of  the  hotuoulul  thrust,  and  cf 
other  coustauts, — 

^<'  =  d  I4-C-^-"r-       2(1 +C)      )}>  w 


3(1 +C) 

2(rFc)    ;  j  • 


(.J4.) 


The  sfiearinff  j'orcc  ui  iht  loaddd  end  of'  the  rib  is  (witii  the 

reversed) — 

P=— F,=— F,  +  «,/  +  i<.r;— i^ 


=  ¥+",' (2'--^ 


4kK 


(.i5.) 


To  avoid  xusgative  signs  in  what  follows,  this  is  denoted  a»  uJxil 
by  P. 

The  gnaUst  bending  moment  occurs  at  a  point  wboK  borixonti 
distance  &otu  the  loaded  eud  of  the  rib  ia 


I— x  = 


Vk\Lv. 


.^ (5C.) 


TARABOUC  RIB  LOOSK   AT  EKDS. 

and  tlie  value  of  tliat  greatest  l>eiidliig  moment  is 


M 


-ISL-J^ 


p« 


2  (Wq  -h  w)  ■ 


"8TH;. 


Ml 


.(57.) 


gTTing.  for  the  greatest  Btrees,  a  thrust  whose  inteiisity  is 

^.=5;(^+h) (58.) 

To  find  how  much  of  the  span  of  the  rib  must  be  loaded,  in  orde 
to  make  this  stress  an  absolute  maximum,  aud  what  that  maxitiiiua.] 
is,  ibe  value  of  r  is  to  be  deduced  from  the  equation 


d  p^ 
dr 


=  0. 


(59.) 


This  equation  is  of  the  fourteenth  order.     One  of  its  roots  i»] 

T"  =  1,  which  in  most  cases  gives  a  mininnun  value  of  p^    Dividing 

tho  equation,  therefore,  by  1  —  r  =:  0,  it  is  reduced  to  the  thirteenth 

;  but  it  is  still  too  complex  to  be  employed  as  a  formula  fori 

ical  usa  1 

It  appears,  however,  by  trial,  that  with  those  proportions  which' 

are  common  in  practice,  a  close  approximation  to  the  absolute  maxi-^ 

mtuu    value   of  the  stress  /7^  is  formed  by  assiuning  one  half  q^ 

iLt  rib  to  be  loaded/  that  i 


1 


.(CO.) 


Br  introducing  this  value  of  r  into  the  preceding  formulte,  wq 
obtain  the  following  results : — 


H  = 


P 


(«Co+|); 


.(52  A.) 


8  A  (1  +  C) 
^«=-2(«'o  +  2)lTC' <^3a.) 


312 


u'=l3^ 


w  +  4 


C  =  gQX;.  =  013nearl7. 


To  illnstrato  this  bj  a  numerical  oxAmple,  let  the  following  dat 
be  assumed : — 

g  =  =  (this  value  reqxiires  an  I-shapcd  section  to  rcaliie  it> 

a  =  0;  (that  is,  let  the  abutments  be  immoveable). 

■  Thfii, 

13 

ii 

Also,  let  the  intonsity  of  the  rolliag  load  be  equal  to  tliat  of  ' 
ifad  load,  or  «?  =  w^.     Then 

H  =  1-48  I  w; 
P  =  013  I  io; 

(being  less  than  the  bending  moment  due  to  a  load  of  the  inteiuu^ 
w  over  the  whole  span,  in  the  ratio  of  0'135  to  1). 

Probi^X  Sbveuth.     Tojind  Ote  greated  Deflection  of  an  Ar<i«d 
Ji'ib,  the  greatest  value  of  «  is  to  l>e  taken  which  corrr9|iotitl»  t<"i 
t  =  0.     It  can  be  deduced  from  cciuatitms  25  and  26  of  i*ii>bleni 
Pifth,  and  43  and  44  of  Problem  Sixth,  that  in  ali  t»rdip  ;' 
^ch  those  problems  relate,  the  absolute  maximum  il' 
in  the  middle  of  the  rib,  vrhau  it  is  loaded  over  ita  wlivU 
that  in,  wbeu 


^°-       ^i-T2(l  +B)  '  ^** 
_  l*(w  +  igp)  B 

"  384  2  w'  7*2  E  Ai  (1  +  B)' 

of  tmifona  stiffness,  not  fixed  ia  direction  at  the  ends,  wo 
"-i8A(l  +  C)'     ""    3(1  +  0)  ' 


^8  (W  +   tTo)  C 


Slym'A^E  Ai(l  +  C) 
5  ;*  (lo  +  Wo)  0 


p,t;  and 


384ym'/i2E  Ai(14-  C)' 

jpaiing  these  formulae  with  equation  12,  of  Article  160,  p. 
ir  the  deflection  of  straight  beams  umler  any  load,  it  is  to  bo 
ad  that  the  totjil  load  iu  the  present  problem  is  i  (to  +  WJ^), 
^  384  =  c*  -u  4t5,  and  that  7  m  li-  A,  =  I.  Hence  it 
t  the  deflection  of  an  arched  rib  of  uniform  stifliiess 
nniformly  diiitributcd  load,  is  less  than  that  of  a  straight 
;e  section  has  the  same  moment  of  ioertia  with  that  of 
rib  at  its  crown,  ia.  the  ratio  of 

B  if  the  ends  are  fixed  in  direction  (see  pp.  305,  308). 
C  if  the  ends  are  merely  supported  (see  p.  310). 

Eighth.      Arclied  Rib  vf  unijorm  stiffness  fixed  in 
If  the  ends,  and  fixed  at  tJie  crown  to  a  horizontal  beant. — 
J3,  let  B  JB'  as  betbre  be  the  ax'ched  rib,  and  E  A  E'  the 
iital  beam.     In 


■ 


i  end 

M 

m 
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of  tlie  Btroight  and  arched  beams  to  be  the  same  at  correspondi] 
points. 

Tbo  elTect  of  these  struts  is  taken  ioto  account  hj  making  t] 
total  moment  of  inertia  of  the  cross-eoction,  io  the  formuJiE  i 
Problem  Fourth,  viz. : — 

Ij  =  g  m'  A'  Aj, 

inditde  the  moment  of  inertia  of  the  straight  beam;  but  the  an 
A|  is  still  to  be  that  of  tft«  arched  beam  only. 

Let  the  curved  ami  stniight  beams  be  so  firmly  connectod  at  i| 
crown  (A,  fig.  153),  that  tbeir  fiorisontal  displacement  u  is  the  saqj 
at  that  point;  and  let  the  horizontal  beuin  abut  at  its 
E,  E",  either  against  the  piers,  or  against  some  other  part 
sujK'i-structurc,  so  as  to  bi  capable  of  resisting  a  thrust.  Th 
horizontal  thiusfc  ia  no  longer  necessarily  the  same  in  thi 
divisions  of  the  arched  rib,  A  B,  A  B";  but  when  one  of 
divisions  (as  A  B*)  is  more  heavily  loaded  than  the  otlicr,  tLi 
horizontal  thrust  in  the  more  loaded  division  is  greater  than  in  Um 
less  loaded  division,  the  excess  being  resisted  by  that  part  of  ths 
horizontid  beam  (A  E)  which  is  above  tl>e  less  loaded  division. 

It  is  unnecessary  to  give  here  the  complete  detailed  investigation 
of  this  cnsf,  or  to  do  moro  than  to  state  the  most  important  result 
of  that  investigation,  \\z, : — tljat  with  the  dimensions  and  under 
the  circumstincea  tliat  usually  occur  in  i)ractice.  the  effect  of  the 
rekistance  of  the  horizontal  beam  to  a  longiturlinnl  thrust  is  \o 
iiuilcr  the  greatest  intensity  of  stress  in  the  arched  rib  umlcr  c^ttt 
jiartiul  load  cither  less  than,  or  nnt  ajipreciably  greater  tlmn,  tho 
greatest  rntensity  of  strcas  under  a  complete  load,  which  tbtu 
becomes  the  absolute  maximum  of  strtss  in  the  arched  rib,  and  ii 
given  by  equations  37  b  for  thrust,  and  38  a  for  tension,  page  308. 

The  greatest  stress  in  the  horizontal  beam  may  l>c  found  aiijitusi- 
tnately  as  follows: — Let  h'  denote  its  depth.  A'  iU  sectionnl  nivn,— 
31,  the  greatest  moment  of  flexure  as  computed  by  e<piation  33  B, 
p.  304J,  H  the  horizontal  thrust  by  equation  31  B,  p.  3U«.     Tlicu— 

greatest  thrurt,  P  i  =  3^  +  j^j^l- 


.(G3.) 


i     ^  X       -  m         M,  h' 

greatest  tension,  p\  =-^vl.  .. 


m 


On  the  subject  of  the  strength  of  arches  in  different  materials,  <« 
the  following  Articles: — Stone,  Article  397,  page  432;  Timber, 
Article  345,  jmge  481,  and  Article  34<5,  page  482;  Iron,  plain 
atvhvd  riha,  Article  374,  page  5SS',  Ii-on,  braced  arches,  Artide 
3t<0,  page  6^5.     See  also  T/ie  Engineer,  ^<5i  5wvwvk.r5  ,^4^^*, 


I. — Strength  and  StaiUiti/  of  Earlhvoork  m  GeneraL 


CkCHcntI  Principle*  —  AdbeMtow  —  Frictiaa  —  IVaUinil  Mlopc  — 
tM. — Etirthwork  is  of  two  kinds — excavatiou,  or  cutting, 
ing,  or  eniliaukment.  The  teiin  "  earthioork"  in  its  widest 
comprehends  excavation  in  rock,  as  well  as  in  the  looker 
la  olf  the  earth's  crust 

iwork  gives  way  by  the  glrpping  or  sliding  of  its  parta  on 
;  and  its  stability  arises  from  resistance  to  the  tendency 


rock,  that  resistance  arises  from  the  elastic  stress  of  the 
1,  when  stibjected  to  a  aliearing  force;  but  in  a  niaB3  i»f 
(  commonly  uiuici-stood,  it  arises  partly  from  the  friction 

H  the  grains,  and  partly  from  tlieir  mutual  adhesion ;  which 

brce  is  considerable  in  some  kinds  of  earth,  such  as  clay, 
ly  when  moist. 

the  adhesion  of  earth  is  gradually  destroyed  by  the  action  of 
moibture,  and  of  the  changes  of  tlie  weather,  and  e«pecijdly 
ate  frosst  and  thawj  so  that  its  friction  is  the  only  ioivQ 
be  relied  upon  to  produce  permanent  stAbility. 

temporary  additional  stability,  however,  whicli  is  produced 

ion,  is  iif«ful  in  the  execution  of  earthwork,  by  enabluig 

I  of  a  cutting  to  stand  for  a  time  with  a  vertical  face  for  a 

defith  below  its  upper  edge.      That  dcjith  is  gi*e;itcr  the 

the  adhesion  of  the  earth  as  compared  with  its  heaviness; 

Breased  by  a  moderate  degree  of  moisture,  but  diminiahod  by 
e  wetness, 

following  are  some  of  ita  values: — 

Gre«lcat  depth  ol 
£AaTIL  teinjxirary 

vcrliuil  face. 

II  dry  Band  and  gravel, 0 

t  sand,  and  ordinary  surface  mould,  from    3  to    C  feet, 
(ordiiuuiy), from  10  to  IG  feet 

'  the  electa  of  the  temporary  stability  due  to  adhesvQW  i 


ow^a 
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Rcen  in  the  figure  of  the  surface  left  after  a  "slip**  has  ' 
place  in  earthwork.  That  surfuce  is  not  im  imiform  8loj)e,  inclinei 
at  the  angle  of  ivpose,  but  is  concavo  in  its  vciiical  section,  Iwijig 
vcrticul  at  its  iii»|tor  vd^t;  and  becoming  less  and  less  steep  down- 
wards. It  i.s  nut  capable,  however,  of  presening  that  figure;  fop 
the  action  of  the  weather,  by  gradually  destroying  the  adhesion  of 
the  earth,  causes,  the  steep  tipper  jwrt  of  the  concave  face  to  crumbly 
down,  ao  that  the  whole  tends  to  assume  an  uniform  slope  io  th^, 
end. 

The  permanent  atabiliti/  of  earth,  which  is  due  to  friction  aloQe^ 
is  sufBcient  to  ranintain  the  side  cither  of  an  embankment  or  of  a 
cutting  lit  an  UMif<.>rm  slope,  whose  inclination  to  the  horizon  is  t]ie 
aiifjie  o/rejxme,  or  angle  whose  tangent  i.s  the  co-ejflcient  of  J'ricHm, 
This  is  called  the  nutunil  dojte  of  tlie  earth.  The  cvistomaiy  mode 
of  describing  the  6lot>e  of  earthwork  is  to  state  the  ratio  of  iu 
horizontal  breadth  to  its  vertical  height,  which  is  the  reciprocal  of 
the  tangent  of  the  inclination. 

Values  of  the  angle  of  repose  (*)  and  co-efEcient  of  friction  (/), 
and  ila  recijirocal  (1  -/),  for  various  substances,  have  alreaily  bcca 
given  in  Artick'  110,  p.  172;  but  for  the  sake  of  coiiveuience,  thoao 
wliich  refer  to  the  tnctional  stability  of  earth  are  here  repeated, 
with  a  few  adilitions : — 


KAr.TU. 


Dry   uuni,  cl.iy,  snd    mixed  /from 

enrth, \     to 

Datnp  clav, 

WetcUy,' ^'^1^ 

SljingJe  and  gravel,  |*^™|^ 

T>    .  (from 


Anglo 

Co-cUlilent 

Cnrtoirmty 

of 

ileslgrmlKin  «( 

I!cpo»e. 

KiicUon, 

Nacur^l  Slu(«: 

^ 

/ 

1  -i-fut  1. 

87° 

0-76 

1-88  to  I 

ai" 

O'.IS 

2  63  to  t 

4U° 

ino 

1  tol 

n" 

031 

3  :is  to  1 

H» 

0-^6 

4  tol 

48» 

111 

OB  to  1 

35° 

0-70 

l-4»tol 

45° 

10 

Itol 

U° 

0-25 

4  tol 

The  most  frequent  slopes  of  earthwork  are  those  called  1^  to  1, 
and  2  to  1 J  corresponding  respectively  to  the  co-efficienta  of  friction 
0'G7  and  0/>,  and  to  the  angles  of  repose  33 i"*  and  264°,  nearly. 
The  pre-scnce  of  moisture  in  earth  to  an  extent  just  suffioicnt  to 
pel  the  air  from  its  ci-evicoa,  sooni«  to  increase  ita  co-efliciont  of 
I'ct/on  slightly ;  but  any  additional  moisture  actA  like  an  ungiipnt 
D  dixninishini:  friction,  BLud  teuda  ^  vvAmc«j  ^^  WwxVW  to  a  »eaii- 
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to  the  state  of  mud.  In  this  state,  although  it 
«ion,  or  "\TScidity,  which  resists  rapid  alteration  of 
>  frictioual  stability;  and  its  co-eflicieut  of  friction, 
jpoae,  are  each  of  them  nnll. 

abvious  that  the  frictiona!  stability  of  earth  depends 
it  on  the  ease  with  which  tlie  water  that,  it  occasionally 
drained  away.  Tlie  safest  materials  for  earthwork 
rock,  sliingle,  gravel,  and  clean  Bharji  sand,  whether 
tlly  of  small  hai-d  crystals,  or  containing  a  mixture  of 
aells ;  for  those  materials  allow  water  to  pass  through, 
ang  more  of  it  than  is  beneficial.  The  cleanest  sand, 
be  made  completely  unstable,  and  reduced  to  the 
kaaud,"  if  it  is  contained  in  a  basin  of  water-holding 
that  water  mixed  amongst  its  [tfu-ticles  cannot  be 

fcy  of  retaining  water,  and  forming  a  paste  with  it, 
lly  to  clay,  and  to  earths  of  which  clay  is  an  ingredient. 
how  hard  and  firm  soever  they  may  Ix?,  when  fii-st 
3  gnulually  softened,  and  have  both  their  frictional 
heir  adhesion  diminished  by  exjwsiji'o  to  tlie  air.  In 
lixtures  of  sai»d  and  clay  are  the  woretj  for  the  saad 
Oess  of  water,  and  the  clay  prevents  its  escape, 
tts  of  earth  with  resjiect  to  adhesion  and  friction  aro 
Mil  the  engineer  should  never  trust  to  tables  or  to 
btained  frtim  books  to  guide  him  in  designing  earth- 
be  has  it  in  his  power  to  obtain  the  necessary  data 
rvation  of  existing  earthworks  in  the  same  stratum, 
ent 

ing  are  the  weights  of  a  cubic  foot  and  of  a  cubic 
dinary  materials  of  earthwork : — 

Cubic  Foot,  Cubic  Yard. 

fi-om  117  to  174 lbs.  from  3160  to  4730  Ibsw 

,     120  to  135  „  „  3240  to  3645  „ 

hingle,....     „       90  to  no  „  „  2430  to  2970  „ 

„     100  to  119  „  „  2700  to  3210  „ 

102  „  „  2750  „ 

89  „  „  2400  „ 

"8  „  „  2190  „ 

162  „  „  4370  ». 

of  Bock-G«tiiaga. — When  rock  is  firm  and  sound,  so 
oanence  of  its  cohesion  may  be  depended  upon,  the 
atious  in  it  may  be  made  vertical,  or  nearly  bo. 
he  oohe^on  of  the  rock  is  to  be  deju'nded  upon,  is  a 
.aolved  rather  bv  observation  of  the  rock  in  cack 


I 

I 
I 
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particular  case,  than  by  any  gencnd  ;  -gitrd  to 

geological    poaitiou,    luiaeralogical    <  ;iicnl    coi 

ptwition;  for  tUe  geological  positiou  is  ilx^d  hy  the  otpu 
i-eniains  imbedded  in  the  i-ock ;  and  these  have  no  coDneotion  iril 
its  loechanical  propertiei;  and  rocka  composed  of  the  same  ap«cii 
of  minerals,  and  the  same  chemical  constituents  in  the  some 
nearly  the  same  proportions,  show  great  difTorencea  in  strength  ai 
durability. 

It  may  be  observed,  however,    that    the   cohesion    of  igneoa 

and  mctamorphio  rocks,  such  as  granite,  syenit'e,  trap,  gneiss,  mifli 

slate,  m&rble,  quarlz-rock,  &c.,  may  in  general  be  trusted,  nvJM 

they    are    much    fiBsui-ed,    or  contain    potash-felspar,   in  wliirl 

■  cases  a   sufficient   slojie    must   be   given,    to    prevent    frtifrmpni' 

from  falling  into    the    cutting  so  as   to   do   domngc.       Of  tin 

sedimentary  rocks,  those  which  contain  much  clay,  sucU  an  4l»l«^ 

an?  to  be  treated  with   caution,  how  hard  soever  they  may  1* 

when  firat  cut ;  for  they  aro  liable  to  soften  by  the  actioa  of  (ki 

weather.     Sandstone  and  limestone,  whether  compact  or  graaukn 

I  if  tit  for  building   ])urpo803,  will   stand  with  vertical   or  aewlj 

t  TerticflJ  faces ;  but  those  materials  exist  of  evQvj  degT^^^5  of  ian* 

nesH,  IVou^  that  of  r<x5k,  projwrly  speaking,  to  that  of  earth.     SaiJi 

etone  is  met  with  which  crumbles  in  the  hand,  and  rcqairta  aloj* 

[of  from  1  toltol^tol;  and  chalk,  according  to  its  degne  <i 

I  Iiardnesii  and  soundness,  stauda  at  alopes  varying  &tun  ^  to  1  to  Lj 

ito  1. 

The  stability  of  sedimentary  rocks  in  the  side  of  a 
eater  when  the  beds  are  hori7vontal,  or  dip  away  from  t 
than  when  they  dip  towarfls  it. 

183.    TJkc«vr  oT  (he   8tat»IU<r  ■«'  Presaw  of  l.«MW 

194  to  198.) — The  stress  exerted  in  different  directions 
gixen   particle   in   a   mass   of  earth   is  subject  to   the 

iriuciplea  which  govern  the  compound  internal  stress  of  m 

ilrrady  stated  in  Article  108,  pp.  IfiG  to  170. 
It  is  ftlso  subject,  when  friction  alone  is  the  cause  of 

je  Umitation  expressed  by  the  following  principle : — 
I.    <3rii(-ml    Prlnrlple    «r  Ibe    Binbillir   of   I^amc    Bank. 

»(!ce8»firy  to  tlia  atabUity  of  a  granular  mass,  that  tA« 
'/«  pm^iiro  b^toeen  t/n  portions  into  tafiich  it  ia  dividad 
lane  s/ujuld  not,  at  any  jxnnt,  viakt  witli  tfie  normal  to  that 
*^'«  'jrvatrr  thorn  t/te  nnrjh  n/repost. 

The  |ihaie  in  any  mass  on  which  the  obi' 
rejilest,  i«  pwiM'ttditnilar  to  th©  plane  whj. 
rcn;  ire. 

h'  i>.  IGS,  and  to  the  tleacripUuo  of  IliAt 

p[K  I  Q6f  IGU,  it  ia  evidttut  l\iaX  tZSskfb  oXwrnt  \fntidplo  i»  c>)ltt' 


TnEORV    OF   aTABILTTY   AKD    rRESbUUB   OF   EARTH. 


ing  that  the  gi-eatest  value  of  the  angle  of  obliquity  rf.-'X  O  R 

that  figure  shall  not  exceed  9,  the  angle  of  repose  of  tho 
Wrth  in  question.  y^ 

The  greatest  valne  of  nr  obviously  occurs  when  O  K  is  perpca* 
licular  to  P  Q,  and  is  given  by  the  following  equation : — 

^  .MR  .    », — p. 

max  nr  =  arc  sin .  „--rr  ^  ore  Bin    ^    ,  ^^i 
OM  Pi+Pi 

unl  this  angle  must  not  exceed  the  angle  of  repose ;  whence  the 
(wditioa  of  stability  of  the  earth  is  expressed  as  follows  : — 


MR  _ pi^^Pi 
OM      p^+p^: 

irolLerwiBe  as  follows  : — 


sin  9; (1.) 


Pi 


1  —  sin  <f> 
1  +  ain  «>*' 


.(lA.) 


»kiclj  lasd  equation  gives  the  least  intensity  of  preastire  pa  in  a 
given  direction,  that  ia  consistent  with  the  repose  ©f  earth  through 
•hicli  ii  pressure  of  a  given  intensity  p^  acta  at  right  angles  to  the 
fint  lueDtioncd  direction,  and  serves  to  deicruiine  the  hunt 
bt€n3ity  of  horizontal  pressure  which  will  maintain  the  stability 
<f  &  inaas  of  earth  through  which  a  Tertical  pressure  of  a  givea 
intaiiify  acta. 

n  Cmuimguim  PrcHiirea  ta  Earth. — But  it  is  necessary  in  some 
taws  to  determine  the  limiting  ratio  of  the  intensities  of  a  pair 
res  in  a  mass  of  earth,  which  may  or  may  not 
1  each  other;  and  that  problem  is  solved  1)V  tho 
ifjiluu  :;ig  il  construction,  easily  deduced  from  Pi"opoaition 

IV  f.f  Ar,  .       .      .  p.  KJS. 

[ji,  let  C  represent  a  section  of  a  prismatic  particle  of 

ie  by  tlie  plane  of  greatest  and  leaat  pres- 

t  that   jjarticlc  be  a   rhombic   prism,   on 

'«  tlie  pretaures  are   "conjugate;"  that  is 

W  sir,    let   the   pressures  on   the  faces  which   iiro 

fsmllcl   to   D  G,   act  parallel   to   E  F;   while  the 

JKfvmrcs  on  the  faces  which  are  parallel  to  E  F  act 

]«i»lkl  to  D  O. 

Let  p  be  the  intensity  of  the  pressure  ^larallel  to 
^f"'  ""I  ;/  that  of  the  less  pressure  parallel  to  E  F, 
liiti-d  per  ttnit  of  area  of  the  plane  to  mkich 
i-  II  ^.vijiufote.     Let  i  \h3  the  angle  of  obliquity  of  the  priam  Ct. 


m 
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luit   is,   the   difference  between  each  of  its    angles  nod 
jjj'le.     This  angle  must  not  exceed  ^,  the  angle  of  rcjKinl 

ifth. 
Then  the  intensitieji  of  the  eonjngate  pressnrea,  per  unit  _ 

''planes  perpendicular  to  Uteir  direclioru,  are  re^>ectiv«ljr, —  i 


cos  fi 


and 


coa  f 


•wx. 


In  fig.  165,  from  one  point  O,  draw  two  straight  lines,  O '. 

O  R,  making   with    i 
angle  MOR=«',  th^ 
About  any  conv- 
ene of  those  stn«, 
a  semicircle  Y  E  X,   toac 
other  straight  line  in  IL 
be  ditno  by  describing  the  dot 
circle  M  B,  O,  so  as  to  find  the  point  R.) 

Through  O  dmw  the  straight  line  O  Q  P,  making  tt 
^^  M  O  P  =  6,  tlio  obliquity  of  the  conjugate  presani^es,  and 
^H:tli(>  sitmicu'olc  Y  R  X  Ln  P  and  Q.  Then  the  limits  of  the  i 
^ntho  iu tensities  of  the  conjugate  pressures  are 

^^5^i 


OQ       ,OP 


m  is  to  say,  in  algebraical  symbols, 

p'  .,  ...       OP    cos#+  J(co9*^-cc«-*) 

-  cannot  be  greater  than  r=—-  =       - — ^, )      „  -  -      ..  ' 
P  *"  OQ     008*-  ^(cos«^-cos»^)' 


nor  less  than. . 


OQ  _  coatf—  ^(co8«^-coa«»X 
OP"co8tf+  J{co3*i^co€*fy 

'being  the  solution  of  the  problenL 

The  following  are  the  extreme  cases  of  the  problem  :— 
"When  the  prism  C  ia  rectangular,  and  the   conjngate 

pcr|>endicular  to  each  other,  we  have  <  =  0 ;  O  Q  P  coindti 

O  Y  X,  and  consequently 

P'  4.U  4     ♦v      OX     l  +  fiin4> 

~  cannot  bo  creater  than  rr^r9=^ ; — ,  ..^.^ 

p  *  OY     1-sin^ 


OX~l4.«JoC  •' 


nor  leas  than 

ben  the  obliquity  oC  the  ptmi  C  \»  the  grmUst  p>m 


PBnStTBK  OF  EARTfl. 


321 


♦s-ff,  tJje  points  P  and  Q  coalesce  in  R,  and  tlie  two  limits  of 
ratio  of  tlie  conjugate  piossures  become  each  equal  to  unity, 
ring  the  single  equation^ 

?=P  (4) 

TTL    Prcaaarc  la  ■  BIaa>  of  Eania  wlili  an  anllialted  plane  nppcr 

■tiac«. —  In  fig.  lo4,  p.  3U>,  let  AB  rejiresent  pait  of  the  indetinitely 

1  l^lane  upjier  surface  of  a  mass  of  eartii,  either  horizontal, 

s  at  any  f^iven  angle  i  not  exceeiiing  the  angle  of  repose  9, 

aceive  the  whole  ina.ss  to  lie  divided  into  layers,  such  as  E  F, 

Jel  to  A  B.     The  condition  of  all  j>articlea,  such  as  C,  into 

one  of  those   layers,  as   E  F,   can  be  dividtnl   hy  %ertical 

B,  must  be  Fimilar;  whence  it  follows  that  the  pre,ssure  ex«.'rted 

I  any  vertical  plane  is  parallel  to  the  surface  A  B,  and  the  preanure 

ftny  surface  parallel  to  A  B  ia  vertical     The  jiarticlc  C',  formed 

'the  intersection  of  the  vertical  column  T>  G  with  tln^  layer  E  F, 

bounded   by   conjugate   planes;    and   the  conjugate   ])ressui"es 

through   it  are  respectively  vertical,  and  parallel  to  the 

Tlje  vertical  pressure  "p  is  due  to  the  weight  of  the  column  of 
D  C  wliich  rests  on  the  particle.     Let  a;  =  D  C  bo  its  depth, 
1  w  the  weight  of  an  unit  of  its  volume ;  then 


p  =  to  w  cos  <>, 


.(5.) 


The  pressure  along  the  steej^est  .slope  of  the  layer  E  F,  which  jg 

"  through  the  vertical  faces  of  tlie  jjrism  C.  will,  if  the  earth 

llud  down  in  layers,  be  of  the  leaM  intensity  sufficient  to  preserve 

fppose  of  the  earth,  as  given  by  combining  equation  2  A  with 

ion  5 ;  that  is  to  say, 


.(0.) 


,  ^   cos  V—  »/ (cos^  tf  — cos*  e) 

p'  =  wx- COS  d- — ^ — ^— — — .- (.  . 

*^  COS  8+  J  (cos-  tf - coa^  9) 

To  represent  these  results  grapliically,  construct  fig.  150  as 
imdy  described,  with  U  M  X  horizontal,  O  11  inclined  at  the 
|*Qiitora]  slope,"  and  O  Q  P  inclined  at  the  actual  sloiic, — that  is, 
I  Umllel  to  the  steepest  slojje  of  the  ])lane  A  B.  From  P  draw  the 
I  Htwglt  line  P  W  perijcndicukr  to  O  P,  cutting  O  X  in  W. 
'    Then 

OW  .OF  :0Q:  :tax:p  :p' (7.) 

Tiie  extreme  ouses  are  as  follows ; — 

Wiitu  the  upjMfr  sui-face  of  the  earth  is  horizontal,  W  and  P  b«ith 
coincide  with  2l,  and  Q  with  Y ;  so  that, 

1' 


3tt 
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OX:OY:  :  lo  x  =^  p  :  p']  and  p'  =  w  x  ' ^g 

"WLeu  tlie  upper  surface  of  the  earth  slopes  at  the  l 
repoa«,  V  and  Q  coincide  with  R,  and  W  with  31  ;  so  that 

O  M  :  O  "R  :  :  to  X  :  p'  -  p;  and  p'  ^  p  =  w  x  cot  < 

There  ia  a  thml  coryugnte  preMsurt,  exerted  liorixontally 
the  particle  C,  in  a  direction  perpendicular  to  the  vertical 
Mteepest  slope.  Its  intensity  is  represented  iu  fig.  133  by  I. 
is  given  by  the  following  equation : — 

,_     w  a; 'COS  rf  (1  —  sin  C) 
^  ~co8tf+  J{coa^  <-oo8*<P)' ' 

and  in  the  two  extreme  cases  it  takes  the  following  value 
a  horizontal  upper  surfiice,  or  4  =  0, 

,       ,            I— sine 
p  =n  =10 a;  , . — 

^     '^  1  -♦-Bm^ 

For  the  natnral  slope,  or  tf  =  9, 

p  =vo  as  (1— sin  ?>). , 

The  inti-'usity  of  the  greatat  premtura  exerted  tIin>ugH 
Iiarticlo  of  eartli  is  represented  by  O  X,  and  given  by  the  fi 
fqrmolu : — 

_     to  as 'COS  #  (1 +ain  C) 
^^~oo8  *+  J  (cos*  ^-cos'f)' ' 

The  direction  of  the  axis  oj  greateet  pressure  ia  at  right  an 
and  conjugnte  to,  a  plane  bisecting  the  angle  which  a  radin 
froui  C  to  Q  makes  with  the  horizon ;  that  is  to  say,  the  in* 
of  that  axis  to  the  horizon  ia  given  by  the  formula, — 

1^  =  5  f  *  +  180«  -  ar«  •  sin  ^^ 

The  extreme  cusca  arc, 

When  the  upjwr  siirface  is  horizontal,  or  tf  =  0; 

p^  =  tf>x;  t^  =  90°  (or  the  axis  ia  vertical).  . . 

When  i  =  4p; 

f  +  90° 
;)i  =  toa^l  +  Bvn.<^V,  nV»  — ^; 
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r 

^■UB  of  grcitteiit  preoaiure  hisectB  the  angle  between  the  slope 
^Bvertical. 

I^^xis  of  least  pressure  in  the  piano  of  gi-oatea-t  alopc  ia  per- 
icular  to  that  of  gi-eatcst  preasuiv,  and  the  uitcnaity  of  tbo 
pnroBMnv,  being  represented  by  O  Y,  Las  already  been  given 
"       10. 

MMtc  »r  Earth  nsaiual  a  T«t1i«al  Plane. — In  £g.  I!)G,  let 
jBBpreaent  a  vertical  plane  in,  or  in 
^Tv^^^f  *  raass  of  earth,  whose  upper 
O  Y  is  either  horizontal  or  in- 
at  any  angle  9,  and  is  out  \>y  thu 
plane  iu  a  direction  perpendicular 
It  of  stee])est  declivity.  It  is  required 
the  preenre  exerted  by  the  eai-th 
that  vertical  plane  per  unit  of 
from  O  down  to  X,  at  a  depth 
—  x  beneath  the  surface,  and  the  direction  and  position  of  the 
^t  of  that  pi-easure, 

Ureceion  of  tliat  resultant  is  already  known  to  be  pai-allel  to 
ivity  Y  O  Y. 
B  lie  a  plane  traversing  X,  parallel  to  Y  O  Y.     In  that 
ce  a  point  D,  at  snch  a  distance  X  D  from  X,  that  the 
kt  of  a  prism  of  etirth  of  the  length  X  D  and  having  au  olilijue 
I  of  the  '  y  in  the  plane  O  X,  shall  represent  the  iuten- 

I  of  the  ■  I  rcasure  per  unit  of  ai-ea  of  a  vertical  plane  at 

jdepth  X;  Lkat  ib  to  suv,  cunstiaict  hg.  \55  as  already  described, 
Uake 


Fig.  156. 


O  P  :  O  Q  in  fig.  155  : :  O  X  :  X  D  in  fig.  166. 


the  stmight  line  O  D ;  then  will  the  ordinate^  parallel  to 

,  drawn  finm  OX  to  O  D  at  any  depth,  be  the  len-^h  of  an 

ae  prism,' wliose  ■wi'ight,  ]kt  nnit  of  area  of  its  olilii|ue  base, 

be  UiC  intensity  of  tlie  conjugate  pressure  at  that  depth.     Let 

2  be  a  triangular  prLsm  of  earth   of  the  thickness  unity; 

:ht  of  tliat  prism  will  be  the  amount  of  the  conjugate  pres- 

ight,  and  a  line  parallel  to  0  Y,  traversing  its  centre  of 

and  cutting  O  X  in  the  centre  of  pressure  C,  will  be  the 

Uiun  of  the  resultant  of  that  pressure.     The  depth  O  C  of  that 

fttr?  of  pressure  beneath  the  surface  is  evidently  two-thirds  of 

e  total  depth  0  X. 

To  OfNm  this  symboliatlly,  make 


P 


cos  *  —  ,y  (cos^  ^  -  cos2  «i) 

OOSi-^   ^(0O»2*_COS?  «y ^    '■' 


4 


i 
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then  the  amount  of  the  coujugate  presaure,  represented   by 
weight  of  tlie  prism  O  X  D,  is 

_,    wx^  ^   «'      wrc=  COS  ^  -  ^ (cos*  *  - cr«' *)  ..g, 

2  p        2  ooa  i+  J (co8* t  —  cob* *) 

In  the  exti-eiue  cnsos,  equations  17  and  13  take  the  foUowii 
forms: — For  a  horizontal  surface j 


*=0;XD  =  a 


1  —sin  * 


F='^?:. 


1  —  sill  <5 

l-4>  sin  9 


For  a  snrface  sloping  at  the  angle  of  repose; 


<  =  ©;  XD  =  k;  P'  = 


W  flJ' 


•  cos  9' 


....(19.) 


.(20.) 


Muses  of  earth  -with  indpftnitely  extended  plane  upper  wnrfaci 
do  uofc  oceui'  in  reality;  but  the  Ibnnula?  whicli  iiro  tipi  '4 

them  are  applioaUUi.  to  real  ma.ssf3  of  varth   with   linn  i^ 

upjKT  8urfaiX'8,  with  a  degree  of  accui"acy  sufficient  in  ixumi  c 
for  practical  piu'poses.     (See /"At/.  7'm«s.,  liSJiJ-7). 
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(9o'>-^)^2 

45° 
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0-577 
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T73» 

1  -»-/=  ootan  ^ 

00 

3732 

1732 

rooo 

0-577 

sin  ^ 

o 

0-3S9 

0-500 

0707 

0-866 

I  —  sin  <j> 
I  +  sill  ^ 

t 

©•588 

0-333 

0-T72 

0-07  i 

cos  ^ 

t 

o'966 

0-866 

0707 

0500 

Thore  is  a  mathematical  theoiy  of  tlie  combined  action  of  frioU<l 
and  adhesion  in  cnrtli ;  but  for  want  of  precise  i'X{>erimentaI  dati 
its  practical  utility  is  doubtful. 


Section  II. — Memuralion  0/ Eariliuoork 


r  184.    CalcNltHlan    mf    Hnli'-brendih*    nn4    Arcaa    ttf   I.aad. — TIji 

I        bounUarica  of  a  piece  of  earthwork  in  general  are  as  follows: — 
I  I.     The  hase,J'uriuinti,  or  funtiation,  Ixjing  a  surface  nearly,  wu 

^^  (fometiuius  exactly,  horizontal,  which  forms  the  bottom  of  a  cuttiaj^ 
^^cr  tiio  top  of  au  embaukm^^tiL 
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H-  The  original  surfiice  of  the  ground,  which  i'orms  the  top  of 
eultiug  and  the  bottom  of  an  emlmnkment. 

ILL  The  sides,  or  ^opea,  which  connect  the  base  with  the 
Kior&l  Burikoc,  and  whose  inclination  is  the  steepest  consijitent 
itb  the  pennanent  stahility  of  the  material. 

FigBi   iolf  loSy  and  159,  represent  examples  of  croaa-sectioju  of 


of  carthTvork,  in  each  of  which  D  £  ia  the  base,  A  B  tlio 
Fuiface,   and    D  A    and 
are  the  slopes.     In  fig.  157, 
nntTiral  surface  is  horizontal ; 

158  and    159,   it  slopes  /P"^^      ^ 

»J9,  lieiiig  what   is   called    ^.^"i.  >r 

-long  ground."  ^'s-  ^59. 

Rj^  157  and  158  represent  cuttings;   to  represent  embank- 

its,  it  is  only  necessary  to  conceive  them  to  be  turned  uptude 

Fig.  159  represent*  a  piece  of  earthwork,  of  which  one  side, 
Q  E  U,  is  in  cutting  called  "side  cutting,"  and  the  other,  Q  D  A, 
in  finljiinkmcnt. 

The  hdlj'-brfxultli,  of  a  piece  of  earthwork  has  already  been  mcn- 
tk'ncil  in  Article  60,  yt.  112.  It  means  the  horizontal  distance 
fwm  ft  given  ]ioujt  in  the  centre  line  vfth«  base  to  one  edge  of  the 
oatiing  or  eml^nkraont;  and  although  it  is  called  "Aa//- breadth," 
It  i<  V try  generally  different  at  opposite  sides  of  that  centre  line. 

Each  hah-breadth  consists  of  two  parts: — the  i-eal  half-broadth 

<^  'Lt   liaso,  wliioh  is  fixetl  by  tho  design  of  the  work,  and  the 

leatlth  of  one  slope,  wliicb  is  to  be  found  by  calcular 

miwing. 

ch  of  the  figs.   157,  158,  and  159,  C  ivpresents  a  point 

■  jijutre  line,  as  markid  on  the  ground;  F,  the  point  vertically 

•ivc  or  Itelow  it  in  the  ccuti'o  line  of  the  Imisc  ;  D  G  and  E  H  are 

-rtieal  liuf'S  through  the  edges  of  the  base,  D  F  and  F  E  are  the 

'■^ll  breadths  of  the  base. 

In  fi^.  J 57,  wherv  the  ground  is  level  across,  Q  A  and.  HB  av<j 


I 


■r'--i'.--.»  -r 


■    •_    ■--:.    LjlL     J   i    «Li      ."    J     -lijj     "t;1,"--T--.'  '■'•.id 

^'.  -'•    Tiller*  "ii'T  i'."  I11.-L  ■!-.■  !>->   ■^'i-Tij-i  4i 


----"      --   -  .  -'rlrTi 


/.   -IIB-  VT  A  =  #A. 


■.I'l 


iiii'iiinl  t,,-',ii,iil  /(//■;  CI  ^jir-jn  v„[u  r:ii  ?vj-  .-.:;;  i.i';  i'  ".'Trr.'.:. 

I,-;.  :),'  /..*.:.,!  '.■'':.;i:j,  'I' -^llvlry  I-.- :;- :1.  j-  :— o  « :"  r  to  I .  tin* 
i  ,  I' !  /■  }>•■  'li--  i-.y-.i-.r:--.,'  o(  t'.ii  ui-.dii:  whkli  tlie  lino  AB  in  fig* 
J-'/''  iiii'l  1.7/  Milk'     v.;*.li  til*.;  Ii-.i-iz.-ri. 

f'am:  I.-  -  \V'}i'-ii  tli<:  ^i'>iiinl,  ill  p'AKX'^diiiij  fwm  the  coa:r\' t-> '!•* 
«<ly<-  of  t.li«;  »-:ii-ilj\vrii-k,  >l<i[»'.s  awav  from  the  base,  as  in  iLo.rii'ut- 
li:ui<l  -i'l'!  oi"li;'.s,  1.^8  and  l-^l* — 


f/..  ny  =='-". -(hJ'^) (i) 

r-s    \       rj 


Wvxi'.  ilii-  f:ut<»i-  /*  +  -' represents  II E,  the  depth  of  rbe  cartlj- 

work  lit  t.lH!  I>ll;r|!  of  tho  IliLSC 

rVwwj  J  I. — Wlimi  tho  i^ijimd,  in  proceeding  from  the  f**"''^ 
tho  iM]f{{)  of  Iho  earthwork,  ulopus  towards  the  base,  as  in  the  Is** 
Mtk  aide  of  lig.  158, — 


-^^'^A"-^) w 

the  factor  h—  "  represents  G  D,  the  depth  of  the  eai-th- 

;  the  e<lge  of  the  base. 

IIL — When  the  ground  ioteraecta  the  base  between  tho 
'  line  and  the  edge  of  the  earthwork,  as  at  Q  in  the  left-hand 
fig.  159— 


^<^-M <^) 


H«re  tho  factor  —  —  A  represents  O  D,  tlie  depth  of  the  earth- 

at  the  edge  of  the  Iwise. 
Ic  liorizontul  distance  of  the  point  Q  from  the  centre  line  ia 
by  the  formula 

FQ  =  rh (5.) 

is  obvious  that  the  formulae  of  this  article  can  be  applied  to 
in  which  the  slope  of  the  earthwork  and  tho  rate  of  declivity 
ff  '  111  are  different  at  the  two  sides  of  the  centre  line,  as 

«  vse  in  which  they  are  the  same, 

II'.'  Jiall-breadthH  of  the  earthwork,  6^  +  U,  to  the  right  and 
left  nf  the  centre  line  at  a  given  point,  being  each  increased 
I'l  Uh  required  for  fencing,  give  the  total  ftalj'-bi'eudtfia  at 

ti .  ^  stated  in  Article  66,  p.  113);  and  these  being  added 

t«tl"  •',  h'ivo  the  tiitrj.  breadth  of  the  land  to  be  taken.  From  a 
WTs  of  those  breadths,  at  difTerent  points  in  the  centre  line,  the 
fln>  n/  Jnnd  to  be  taken  may  be  calculated  by  the  method  of 
OiAnates  explained  in  Article  32,  pp.  33,  34. 

Oi-  the  total  hall'-bi-eadths  may  be  plotted  on  a  plan,  the 
boindaries  of  the  land  to  Ije  taken  drawn  through  them,  and 
dK  area  found  by  tho  Method  of  Triangles,  p.  33,  or  by  the  use 
rfthe  Planimeter,  p.  34. 

18.1    CnlrnUillaB    of    SecUanal  Arena   »r    Enrthvrark. — The  COm- 

ptation  of  the  areas  of  a  series  of  cross-sections  of  a  piooe  of  earth- 
Kirk  is  a  8t«*p  towards  calculating  its  volume,  or  "  quantity."  If 
Ibe  ground  is  rugged,  it  may  be  necessary  to  find  the  area  of  each 
ffow-aection  by  incaanrementa  made  Tipon  a  dramng;  but  if  the 
pwind  \a  nearly  or  exactly  level  across,  or  has  nearly  or  exactly  an 
imiftirm  sidelong  slope,  the  area  of  a  given  cross-section  can  be 
cnTiipiitod  from  tho  srime  rlnta  which  serve  to  compute  the  breadths 
ofthe  slopes;  that  is  to  say, 
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The  natural  slope  of  the  ground, r  to  1 ; 

The  slope  of  the  earthwork, a  to  1 ; 

The  hali'-breadth  of  the  liasc, 6,,; 

The  central  depth, ...  A, 

In  each  caso  the  area  of  cross-section  required  will  be  tetii 
l.y  S. 

Problem  FrasT.     To  compute  the  area  of  cross-iteetion  v/^ 
of  ea/rUiWork  when  lite  ground  is  level  across,  aa  in  dg.  157. 

S  =  F  C  •  G  B  =  A  (2  io  +  &') 

=  2io/*  +  WA IJj 

Problem  Second.     To  compute  the  area  o/ cro8»-sectioH  of  cj 
of  eartJiww'k,  vheu  the  ground  fias  an  uniform  sidelong  slofii 
iii/ei-tKctinff  the  base,  as  in  fig.  158. 

The  area  of  the  trapezoid  GDEII  =  DEFC  =  2  6oA; 

BN-HE 


of  the  triangle  B  H  E  = 


^  (accordfligl 


Article  184,  equation  2)  ^  J^    ,  (^  "^  r^)'' 

of  the  triangle  A  G  D  = s =  (accotdij 

Article  184,  equation  3)  g  /|  *_-.  (h  —  ^»)*; 
hence,  adding  those  three  parts  together, 

This  formula  may  also  be  put  in  tlie  following  form :— 

Another  mode  of  expressing  the  same  quantity  is  ax  fuUo 
'  SaggeslAd,  n  fat  u  I  VnoMt,  Viy  Mr,  Thomaa  Robots. 


d  is  coorenicnt  for  use  in  connection  with  a  tjible  of  squares: — 
Vodiice  B  E  uinl  A  D  till  they  meet  in  K,  in  tho  vertical  Hue 
■*  F  (JToduced.     Then 

S  =  triangle  A  B  K  —  triangle  E  D  K. 
_  (A  M  +  B  P)  •  C  K  — DE-FK, 
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bntFK  =  -^  CK  =  /*+-^ 

«  8 


D  E  =  2  6o  and 


A  M  -f"  B  P  =  70 o  («  f*  +  60)*  consequently 

s=^('.+^«)-^ W 

"      nu3i  Third,     To  compute  (lie  areas  0/ (he  two  diviiiuna  0/ a 

dion  0/  tardtwork,  u-hen  the  tjround  interisai-ii  Uie  Liue,  as  in 

tig.  I5l>. 

The-  cross-section  here  consiats  of  two  similar  triangles,  QBE  and 
Q  A  D,  one  of  wliicb  is  in  cutting  uud  tlie  other  in  embankment. 
la  the  figure,  the  larger  tmngle  is  in  cutting;  tlie  saiuo  figure 
inTrrtod  will  rejireseut  the  case  in  which  the  larger  triangle  is  in 
ttnhHnkment.  When  Q,  C,  and  F  coincide,  the  triangles  uro 
eqot*]. 

Ltt  S'  denote  the  larger  and  S"  the  smaller  triangle.     Then 

i  (BF  +  FQ)-EH_(/.o  +  r/.)^ 

I  s_ 2—        --2<y^^8) ^''■> 

I  (AM-FQ)-DG    ,{ho-rhf 

[  ^  = 2 -"2  (^nr^)- ^^-^ 

I      ISCt.  Cmtemtmatn  of  Volnmea  or  <)a«iiiiil«a  of  Banliwortu. 

I  Case  I.  Whea  tivo  cross-sfXtio7is^Q^^^,nregiven,w'UhthcIongUwlinal 
I  iitaiM  betuxen  them  x,  the  volume  (V)  of  tlie  earthwork  between 
I  ftwe  cross-sections  is  given  approximately,  by  the  following 
[   fonnala,  provided  S^  and  Sj  are  nearly  equal,  but  not  otherwise : — 

V  =  «.?4^ (1.) 

L  CajbIL  WlientJtre^vpiidistant  er<)S8-s«ictio7iafiQ,^^,^<vngwmt 
■itit/i  t}t£  toted  lcnff(h  X,  0/  the  piece  of  eartlivoork  bettceen  tfiern,  the 
Hw  kpproxiination  is. 
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V_x  g-  «. 

jXSV  III.     Two  cross-sections  given,  and  one  a^ttninted. — Gqua' 
2  may  also  be  used  to  give  a  closer  ajiproxiniatiou  tliaii  eqiuitioa 
when  the  two  cudmost  cross-sections  only  arc  given,  S0  nod  ~ 
jHitting  for  S,  the  area  of  an  asnimed  cross-section  midway  " 
8(,  and  S,;  its  contra!  depth  being  assumed  to  be  11  uiciin 
the  cpntml  depths  of  Sq  and  Sg,  and  th«  sidelong  slopts  of 
ground  (if  any),  at  S,  ti  harmonic  menn  between  those*  at  Sq  and 

]Vh«i  tin  ijromid  in  level  across,  this  last  jiroccss  gives  the  follo' 
ing  result : — 

Let  Iiq  bo  tlic  centml  depth  at  Sq; 
»    "2       »»  »  »      ^^  °2» 

then  tho  aaaomed  central  depth  at  S|  ia  ^  ^    *;  and 

V  =  .  { 6,  (A,  +  /,,)  +  ,  .  !A+J^h±3 } (3.) 


Tliifl  formula  is  called  the  "  Prismoidid  Fonnnla,"  Anntbf 
form  of  the  same  formula,  convenient  for  use  iu  connection  with, 
tablo  of  6qua»*es,  ia  as  follows : — 

Pormnla  3  ia  the  basis  of  Sir  John  Macneill's  eailliwork  teUli 
formula  4  of  Mr.  Henderson's.  ^ 

CaS£  1Y.  An  even  number  of  equidistant  cro»»-^6etioTU  givenf  S^ 
Sp  Sj,  &0.  .  .  .  S.;  the  distance  from  section  to  section  bm 

Y=  AO^II  +  Si  +  Sj  +  Jcc.  .  ..  +1^}.  ..(5.) 

CiSE  V.  An  odd  number  of  equidiaUml  crow-MCtions  yif«^ 
8^,  S|,  Sj,  <!«:....  S,;  the  distance  fi-om  aection  to  wction  beiB( 
^  as. 
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tJre  earthwork  tables  already  mentioned,  many  othora 

pablished,  such  aa  Mr.  Bidder's,   Mr.    Haskoirs,  drc. 

lea  geaerally  give  either  the  rneuji  sectional  area  of  a  piece 

iwxirk  of  a  given  ba«e  and  slope,  and  of  given  depths  at 

I  endis,  or  a  number  pi-oportional  to  it;  which  mean  area  or 

abmr  bmng  multiplied  by  the  lengfth,  gives  the  volume. 

idti(»  of  earthwork,  in  Britain,  are  usually  stated  in  aibie 

jile  their  dimensions  are  given  in  feet     The  expressions 

Imnes  iu  this  Article,  being  suited  for  the  case  in  which  the 

•1"  volume  is  the  cube  described  upon  the  linear  unit,  require 

'ri<)«d  by  37,  when  the  dimcndous  are  in  feet,  to  reduce  the 

to  cvUc  yards, 
ivtimes,  while  the  breadths  and  dejiths  are  given  in  feet,  the 
are  stated  in  chains  of  6G  feet;  and  in  that  case,  to  give 
I  Ttdumes  in  cubic  yank,  the  expressions  in  this  Article  should 

66       22 

)Bultiplied  by  .^„  ^  ,.-  =2-444. 

On  the  mensni-ation  of  earthwork,  the  treatise  of  Mr.  John 
'  may  be  consulted  with  advantage. 

SEcno!i  ITT. — Of  the  Execulian  of  Earthwork. 

IS'.  Bortais*  «M«l  Trial  SbaA>.~The  ordinary  luetliod  of  ascer- 
ing  the  Dtttjxrc  of  the  material  to  be  excavated,  previous  to  the 
'  ing  or  execution  of  any  piece  ot  earthwork,  is  by  boring  a 
hole  of  about  3|  or  4  inches  in  diameter  in  the  ground, 
iug  ujt  si>ecimeni5  of  the  materials  pierced  through  at 
t  depths, 
laonuch,  however,  as  the  specimens  of  materials  so  brought  up 
in  gpneral,  reduced  to  chips  or  to  powder  by  the  action  of  the 
tool,  and  sometimes  to  paste  or  mud  by  the  action  of  the 
which  is  poured  into  the  hole  to  keep  the  tool  cool,  and 
itc  its  working  in  hard  stratfi,  tlie  information  obtained  by 
is  nut  wholly  satisfavtoty;  for  although  it  shows  the  niin- 
ioa]  oomproition  of  the  materials  found  at  different  depths,  it 
their  probable  8t;ibility  in  earthwork  doubtful,  except  in  so 
it  can  be  iiileired  from  the  resistance  met  with  by  the  boring 
twi ;  and  tliLs  source  of  information  is  available  to  the  engineer  or 
KMnvctor  at  second-hand  only,  through  the  statements  of  the 
Went.  Tlie  sniallne-ss  of  the  hole,  too,  makes  the  results  of  borings 
^btfnl;  for  what  seems  to  be  a  stratum  of  rock  may  sometimes 
frove  to  Ik>  only  a  solitaiy  block  or  boulder. 

To  :  - — *'-n  completely  the  nature  and  qualities  of  the  materials 

•f  aji  !  cutting,  trial-shafts  or  pits  should  be  sunk  down  to 

ihts^  oi  iis  bottom.     The  ejipense  and  time  required  lot  ^ukiu^ 
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sbailbs  make  it  iniprncticable  to  use  tLem  exclusively.  The  be 
method  is  to  combine  shafts  with  borings,  by  sinking,  in  every  il 
portant  jirojwsfd  cutting,  one  shaft  at  least,  whicli  sliould  in  genes 
be  lit  the  point  of  greatest  depth,  and  making,  besides,  a  series  ( 
Ujrings  iit  points  200  or  300  yards  apai-t.  These  borings  vriJJ  ) 
sufficient  to  show  whether  any  change  in  tlie  stiuUi  occura  suffictei 
to  make  it  advisable  to  sink  one  or  more  additional  ahafls  in  i 
given  cutting. 

iktdng  tools  are  made  of  wrought  iron,  steeled  at  the  cnttio 
edges  find  points.  They  are  usually  about  3  feet  long,  or  a  httj 
moi-e,  }ilK)ut  cme-linlf  of  the  length  being  the  tool  or  boring  instm 
meat  proper,  and  the  remiiinder  the  shank,  which  is  a  bar  of  IJt 
inch  wpiiire  nv  tliei-caboiits,  having  a  screw  at  its  upper  em 
to  connect  it  with  the  firt^t  of  the  lengthening  roda.  TbeM  M 
square  bai's,  visujilly  about  10  feet  long,  of  the  same  diameter  wit 
the  bihank  of  the  boring  tool,  with  screws  at  their  ends  by  whic 
they  C4in  l)e  united  together  to  any  length  ro(iuired  by  the  depth  c 
the  bore.  Tlie  ujijierrnost  rod  is  capable  of  being  hung  by  a  swiri 
and  rope  fn'ni  u  truiiigle  or  shears  set  up  over  the  bore-hole,  il 
order  to  haul  up  the  rod.«i  when  required.  The  working  part  of  tlK 
tool  is  nuide  of  various  iigures,  for  jHJuetrating  various  mut^riali 
The  commonest  forms  are  the  auger,  the  worm,  and  the  jumper, 
The  auger,  which  is  use<l  for  boring  all  ordinary  earths,  shjilo,  and 
soft  rock,  is  forimd  like  a  ludlow  cylinder,  about  3^-inches  it 
diameter,  with  an  oiien  shurp-edged  slit  along  one  side,  and  sligbtlf 
eontrsicted  at  the  lower  end,  which  somotiniPS  (for  boring  soft  rocW 
has  a  small  spiral  ]wint  like  that  of  a  gimlet.  It  brings  up  sprcjJ 
mens  of  the  material  bored  in  the  inside  of  its  hollow  cylindrical 
IkhIv. 

The  icoi'm  is  a  shai-p  pointed  spii-al,  used  for  boring  rock  too  hoi 
to  be  pierced  by  the  auger.  After  the  rock  bus  been  pierced  by  tl* 
worm,  the  auger  is  used  to  eularge  tlie  hole  and  bring  up  tijC 
Iragmenta 

Both  the  auger  and  the  worm  are  worked  by  turning  them  ooa" 
tiniiously  round  towards  the  right  (that  is,  in  the  direction  of  tin 
motion  of  the  hands  of  a  watch),  by  means  of  a  cross-head  six  feel 
long,  or  thereabouts,  driven  by  two  men. 

To  pierce  rock  that  ia  too  Lard  for  the  worm,  a  jfimper  is  usri 
Jumi»ei"9  are  of  various  figures;  some  Hat,  like  achisel,  with  a  shnij 
edge  at  the  lower  end;  some  square,  with  a  four-sided  pjTamidM, 
point,  like  a  poker ;  somo  spear-f^ointed.  The  jumjjcr  is  workwj 
by  raising  it  a  short  distance  ami  letting  it  droj),  turning  it  a  litth 
■way  rouncl  after  each  blow.  It  ta  sometimes  simply  hung  ly 
rope,  inetciid  of  lu'ing  screwed  to  the  lower  end  of  the  length 

Is.     The  nmtcrials  broken  \>5  ^i^ic  yxsaYst  vc»  «K>\\^<:^\.x&i%&  hcou! 
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hy  the  anger,  sometimes  bj  &  sort  of  bucket  on  the  top  of  the 

itself: 
P— >?  in  very  soft  nmtcrials  sometimes  require  to  be  linoil  with 
of  cast  or  wrought  iron  pipes,  pushed  down  as  the  boro 
iinH.iriB,  to  prevent  its  sides  from  falling  in ;  the  lowest  pipe  having 
axLii'i'i  serrated  edge.     These  pipes  may  be  tiuide  to  screw  together, 
MD  thnt  they  can  be  liauled  up  apiiii. 
The  depth  of  a  lt>yer  of  mo.-ss,  iiiiid,  or  quicksand,  at  tlie  surface 
e  ^xind,  is  sometimes  probed  or  sounded  with  a  long  slender 
rod  called  a  pricker. 
The  ojiemtions  of  sinking  shafts  will  be  described  further  on, 
Eoder  the  head  of  TfXNELLiNG. 

marking  the  result**  of  borings  and  trial  shafta  on  a  section 
Article  11,  p.  lU,  and  Article  17,  p.  15),  avre  is  to  be  t-iken  to 
nothing  on  the  ])aper  except  the  facts  actujilly  observed,  all 
LictarMl  sections  of  the  strata  lying  between  the  borings  and 
whether  marked  by  outlines,  colour,  shadings,  or  words,  being 
ly  excluded.  The  insertion  of  such  eoujectui-al  sections, 
although  it  improves  the  appeamnce  of  tlie  drawing,  and  makos  it 
more  readily  intelligible,  is  done  at  tlie  risk  of  misleading  con- 
tractors, and  involving  the  companies  and  engineers  in  heavy 
responsibility.  The  result  of  the  pits  and  borings  being  sIkiwii 
exactly  as  observed,  coutractoi-s  and  others  are  left  to  draw  their 
own  conclusions  as  to  the  intermediate  strata. 

b'^'S.  EqaaliztBn  Eanhwork  is  a  term  applied  to  the  ])roeess  of  so 

■djt».sting  the  formation  level  of  an  intended  work,  that  the  earth 

fniin  the  cuttings  shall  be  as  nearly  as  jxissible  sufBcient  to  make 

the  embankments,  and  no  moi'e.     The  art  of  nmking  this  ailjuat- 

nent  by  the  eye  upon  a   section   of  the  gi-ound  ^vith  .=utficient 

■ttmracy  is  »oon  acquired  by  practice.     In  most  aisos  it  is  «.'ssential 

^'economy  in  the  cost  of  the  work ;  for  any  surplus  of  emliank- 

ftent  over  cutting  must  be  made  Tip  from  "  side  cutting ;"  and  the 

etrth  from  any  surplus  of  cutting  over  embankment   must   be 

formed  into  "  spoil  banks;"  Injth  of  wliich  woiks  involve  additional 

cost  for  labour  and  land.     But  cases  sometimes  occur,  in  wliicli  it 

i*  more  economical  to  make  an  embankment  from  side-cutting 

olooe  at  hand,  than  to  bring  the  necessary  materinl    from    a  far 

idiltant  cutting  on    the   line   of  works,    or  in  which   it  is  more 

Wmomical  to  throw  jjai-t  of  the  material  from  a  cutting  into  a 

•poil  bank,  than  to  send  it  to  a  far-distant  embankment  on  the 

line  of  works ;  and  these  points  must  be  decided  by  the  engineer  to 

the  best  of  his  judgment  in  each  particular  case. 

ISD.  The  Tenaponrr  Feaeiac  erected  before  the  earthwork  is 
atmmeneed,  should  enclose  all  the  ground  required  for  the  under- 
taking; that  is  to  say,  it  should  run  along  the  outer  boundary  of 
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the  strip  of  land  which  is  to  be   taken  Iwv^vwT 
earthwork,  and  whoso  bixsylth  u  added  to  t. 
earthwork  iu  calculatiug  and  settiug  oat  i^ 
(p.  113).     In  the  op«u  country,  whcro  the  t       u 
Ix!  A  hudgu  and  diuth,  the  bnWth  of  that  ."Uiji  ul 
about  ninij'txt ;  but  whvro  grouud  is  raluuble,  lui  uinong 
Knd  plcaaure-gruuudM,  uud  in  towixs  and  suburhsy  amiJliirl 
are  tued,  as  to  which  uo  gcneinl  rule  can  be  laid  down. 

The  temporary  feiiw  UHually  consists  of  {•>  i  r»ilt 

or  oak;  the  jk>«U»  Vtoinp  froju  4  feet  to  4  tWr  oiivVJ 

6  feet  long,  driven  from  2  feet  to  2  feet  0  JaLlu^i   uitu  tfaaj 
from  \  to  (3  inches  brow!  in  a  dii-cction  acrots  the  fenoe, 
3  inches  tliick  in  ii  direction  along  the  fence :  tlie  rails ; 
10  feet  loug.  3  inches  de«p,  and  1^  inch  thick,  (wsirfi.tl  iu 
iu  every  second  )K)8t,     Sometimcfl  the  poxtn  in  wiiich  thi 
cicarfi'd  aro  made  stiiinger  tluin  the  intcrmcdiut<i  poirtx,  i 
dinK<^>nnI  stays  to   increase  their  sttibility,  the  foot  of 
being  nailed  to  a  small  stake  about  2  ((etft  Ions. 

Tlie  beat  Kite  for  |>emittnent  inarka  of  tUo  Une  and  lev* 
the  fL-nco(pp.  11«.»,  111). 

190,  If  the  soil  is  wet,  a  CMchwnicr  Drala  may  lie 
aanie  time  with  the  tcnip<>i-ary  fcuciiig,  at  one  or  l>oth 
aarthwork,  commencing  at  it«  ontfull  into  nn  exiting  main 
or  water  coorajr,  and  working  upwards.  When  tlio  groand 
sideloDg  slope  the  catcljwat«r  drain  is  indis]K:nNalJe  at  tb«  « 
sido  of  tlie  earthwork.  Thns,  in  Hg.  1  GO,  A  B  is  |)urt  of  tlu 
^ittDd  B  C  one  of  the  slopes  of  an  intended  cutting;  C  G  is  part 
natural  gi-ound,  sloping  dowuwai-ds  towardii  C;  D  i»i 


Rg.  i«o. 

drain,  to  prevent  surface  water  mnning  from  G  towa 
injuring  the  slope  of  the  cutting:.  In  tig.  Itil,  A  B  is  port 
base  and  B  0  one  of  the  slopes  of  an  embankment;  £  F  is  t 
tho  natural  ground,  sloping  downwards  from  F  towards  B ;  1 
catchwater  dmin,  to  prevent  surface  water  running  fram  F,jK 
0  from  coUectiug  at  C  and  injuring  the  embjiukraent.  T^B 
Witer  draia  may  be  an  oppu  AvViln,  m  oYiisi'Sk.'rj  cAa»  CiMifl 
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"Wide  ao(l  (rom  2  to  3  fcet  deep;  or  it  may  b«  au  underground 
btdlt  of  stouG  or  brick,  or  made  of  earthenware  tubes  (as  iu 
),  with  broken  stoue  or  clean  gravel  above  it 
Btrirpiim  ifac  MoiL — The  soil  or  vegetablo  mould  should  be 
from  the  site  of  on  intended  piece  of  earthwork,  and  laid 
near  the  fence,  in  order  that  it  may  bo  aftenvards  used  to 
'  *'     sloj'ea  of  the  earthwork.     The  usual  depth  of  soil  spread 
lopes  varies  from  3  to  C  inches. 
«wraeral  Opcmtlvn*  of  Cnitlug. — Whore  there  is  no  reason 
contrary,  it  Ls  desirable  tliat  the  base  of  a  cutting  should 
declivity  towai'ds  the  point  at  which  the  work  of  cxoivation 
iced ;  for  tliis  renders  more  easy  the  removal  of  the  eurth 
^Sgnns,  and  the  temporary  and  permanent  drainage. 

exit  ting  is  usually  commenced  (if  the  earth  will  stand  for  a 

'with  vertical  side.s)  by  making  a  "gullet,"  or  vertical-sided 

.tion,  wide  enough  to  contain  ono  or  more  lines   of  tcm- 

niils  for  the  |iAs*;iw  <if  earth  wagons.     The   wideuinf,'   of 

cutting  to  ita  fidl  width,  and  the  formation   of  the  slope, 

'be  caiTied  on  so  as  never  to  be  far  behind  the  head  or  most 

;d  end  of  the  gullet;  for  the  strain  thrown  on  a  mass  of 

by  standing  for  a  time  with  a  vortical  face  has  a  tendency  to 

uce   cracks,   which  may   extend   boyond  the  position  of  the 

led  slopes,  and  bo  render  the  sides  of  the  cutting  liable  to  slip 

they  have  been   finished.     The  advanced  end  of  a  cutting 

wxutidfnibli:''  depth,  and  the  parts  of  its  aides  whose  slopes  have 

been  finiiihod,  consist,  while  the  work  is  in  progi-ess,  of  a  series 

stefa  or  stages  called  "  lifts,"  rising  one  above  another  by  six 

eight  feet,  or  thereabouts,  the  excavatore  working  at  the  faces 

these  lifts  so  as  to  carry  them  on  together. 

From  faces  at   the   end   or  sides  of  the  gullet,  the   earth   is 

iovelkd  directly  into  the  wagons.     From  the  other  faces  of  the 

snttincr,  the  earth  is  wheekil  in  barrows  along  phtnks  to  points 

rom  which  it  can  be  tipped  into  the  wagons. 

193.  Draialas  the  Baac  nnd  Slope*. — At  the  foot  of  eoch  slope  of 
I  catting  it  is  almost  alwavs  necessary  to  have  a  longitudinal 
Itain  called  a  "  side-drain,"  of  from  (3  inches  to  2  feet  deep  accord- 
ig  to  the  circumstances  of  the  case.  It  may  be  a  small  open 
itch,  or  a  channel  pitched  and  faced  with  stone,  or  a  covered  stone 
t  brick  drain,  or  a  line  of  tuVies  (as  at  E,  fig.  ICO)  with  broken 
|U>ue  or  gravel  above.  It  may  i-eceive  the  waters  of  branch 
btins  running  across  the  base,  should  such  be  found  necessary,  and 
im  of  branch  drains  laid  Ln  the  slopes,  as  F,  fig.  IGO.  When  the 
■teer  are  tubes,  they  may  in  general  be  laid  about  2^  feet  below 
He  surlace.  It  is  in  general  advisable  so  to  place  the  side-draia 
E  tlmt  its  bottom  sbaJl  not  be  below  tlie  prolongation  of  the  plana 
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of  the  slope  B  C,  unless  there  ia  a  retaining  wall ;  otherwisi*  it  xa 
cansn  that  slope  to  slip,  and  may  itself  be*  cnishitl  or  cliokt'fl. 

Springs  rising  in  cuttings  reqiiire  8p«?ciul  drains  to  carry  uw 
their  watt'rs. 

ID4.  Tlie  i.ab««p  er  Ennhworic,  in  orrlinary  cases,  connists 
fjdliiig,  or  cxeavnting ;  filling  into  l)aiTf>w9  or  wngons;  t^heeli 
in  barrows;  Imdimj  in  wngons;  nnd  teeminff  or  tippinrj — 1]| 
is,  dejiositiug  the  earth  in  the  emljanknient  where  it  is  to  ra 
Other  pmccsscs  n-'quirud  in  eprcial  cnacs  will  l>c  coiisiderttl  furtb 
on. 

Tlio  labour  o{ gettivg  the  earth  depends  mainly  upon  its  ndhcsioi 
Loose  Kind  and  gmvol,  soft  vegetible  nionld  nnd  pent,  can  iKtdn 
with  the  shovel  or  the  spado  alone;  stifTcr  kinds  of  earth  iH;-r|uirp( 
be  loosened  with  the  pick  before  being  Rhovellcd  into  Iwrroiiv*,  as 
in  Borac  case*!,  with  crowbars,  wedges,  or  stakes;  tlie  softest  kini 
of  I'ock  can  be  broken  up  with  the  pick  or  crowliar ;  hai-der  kim 
require  the  action  of  wedges;  harder  still,  especially  if  free  ftw 
iitttund  fissures,  need  blasting  by  gunpowder,  which  will  l)e  ti<catl 
in  a  sepamte  article. 

Wheeling  in  lla^^3ws  is  performed  upon  planks,  whose  stecpfl 
inclination  Flmuld  nut  exceed  1  in  12,  unless  the  men  ttff*  nwiiu 
by  means  of  Yo\n's  smd  winding  machinery. 

L<'aiHng  ia  performed  u])on  liglit  temporary  rails,  in  wagol 
called  "  earth-wagons,"  whose  bfKlics  can  Ik?  tipjwd  over  l 
turning  on  a  jiair  of  horizontjvl  trunnions,  po  as  to  ouijtty  the  muI 
DUt:  they  are  drawn  by  horses  or  by  small  locomotive  engines. 

The  labour  of  .thovelliug  a  (f/j're/i  wevjld  nf  efirth  into  Iwrm 
and  that  of  wheeling  it  from  the  face  of  the  nutting  to  a  given  jwinl 
ti])pii)g  it  into  the  wagons,  and  leading  it  a  given  distance,  m 
nearly  tlie  wime  for  most  ordinary  kinds  of  earth.  For  a  j?M 
611//1;  of  eartli,  the  laboiir  of  those  operations  vanes  nearly  as  til 
heaviness  of  the  earth. 

In  order  te  <'xecute  an  excavation  with  speed  and  ecotuimy,  it 
liPCOAsary  to  fix  coii-cctly  both  the  absolute  and  the  proportional 
juimbcrs  of  pickmcn,  shovellers,  and  wheeleis,  or  burrownien, 
that  all  shall  be  constantly  employed.  The  only  method  of  doll 
thia  exactly,  in  any  jmrticular  case,  is  by  trial  on  the  sfiot;  buti 
approximation  may  bo  made  beforehand  by  estimating  from  tl 
data  of  experience. 

The  absoinl6  number  of  excavatora  working  at  the  face  of 
catting  ia  determined  by  the  horizontiil  extent  of  face  at  wh 
cutting  is  in  progress  at  once ;  one  excavAtor  to  fivn  or  six  fwt 
breadth  of  face,  is  about  as  close  as  they  can  be  placed  with 
getting  in  each  clhen*'  way. 

The  proportion  of  w/teeUrs  to  iliovieLler«  iqjm^  Xxc  «s>\k\(»^ 
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dmjitely  by  the  fiact,  that  a  shoveller  takes  about  as  long  to  fill 
ttdinaiy  harrow  with  earth  as  a  wheeler  takes  to  wheel  a  full 
mw  about  100  or  120  feet,  on  a  Lorizontal  plauk,  and  return 
li  an  empty  barrow. 

f  the  full  barrow  has  to  be  wheeled  np  an  ascent,  each  foot  of 
»  to  be  considei-ed  e^juivaleut  to  six  additional  feet  of  horizontal 
■oce. 

leacc  the  following  approximate  formula : — 
ict  /  be  the  horizontal  distance  that  the  earth  has  to  be  wbeele 
LA  the  height  of  ascent,  if  any ;  then 

^Bber  of  wheelers  to  one  shoveller  =  -j: rTzn- — .  a,\  r   .  0) 

^^^  from  lOU  to  120  leet      ' 

!!be  number  of  harrows  required  for  each  shoveller  Ls  one  more 

B  the  number  of  whoelera. 

L  •hoveller  will  throw  cjich  shovelful  of  earth  from  6  to  1 0  feet 

uootally,  or  from  4  to  5  foet  vertically  upwanls.     If  the  earth 

D  be  thrown  by  the  shovel  to  greater  disttncea  or  heights,  two 

nore  ranks  of  shovellers  must  be  eiu ployed. 

[he  j»ro]>ortion  of  the  pickmfn  to  the  shovellers  (in  a  single  rank) 

ends  on  the  rftiffness  of  the  earth.    The  following  are  examples : — 

^K  rickmea  to 

'^jooaesand  and  vegetable  mouldy o 

Compact  earth, ^ 

OitiinaTy  day, from  ^  to  i 

Hard  day, „   i^  to  2. 

krth  IS  designated  as  "  earth  of  one  man,"  if  one  shoveller  can 
p  one  line  of  wheelers  at  work ;  "  earth  of  a  man  and  a-half."  if 
shovellers  and  a  pickman  are  needed  to  keep  two  lines  of 
iclers  at  work :  "  earth  of  two  men,"  if  one  shoveller  and  one 
irman  can  keep  one  line  of  wheelers  at  work :  and  generally, 
rth  of  so  many  men,"  according  to  the  number  of  shcjvellera  and 
nnen  together  who  are  rccpured  to  keep  one  line  r)f  wheelera  at 
"t  Let  m  denote  that  number;  then  thw  total  number  of 
vellerR,  pickmeu,  and  wheelers  for  each  line  of  wheelers,  will  be 
voumately 

\r  —                    i  +  6  /*  ,^. 

from  100  to  120  feet*  ^"' 

Ru>  rate  at  which  the  cutting  may  be  exjiected  to  advance,  if 
sjn'oiul  (lifljculties  occnr,  maj-  be  estimated  for  each  line   of 
(or  for  each  shoveller  in  one  rank),  at  about 

z 


ler  at  vac 
oe  in  ^1 
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20  cubic  yards  of  loose  sand,  or  mould,         )  ^^  . 
or  1 6  cubic  yiu-ds  of  clay,  or  compact  earib,  /  ^  ^' 

The  laljour  of  excavating  ia  oflen  considerably  lessened,  espeda 
in  widening  a  giillet  at  the  sides,  by  UDdcrminiog  Inrgi^  uumm 
earth  from  below,  and  ln<jac>mng  them  by  driving  stokes  bdlb 
Uiem  from  above.     This  is  culled  "  falling." 

An  earth-wagon  holds  about  as  much  ua  50  whcel-barrow^  i 
if  drawn  at  the  walking  pace  of  a  ho«e,  its  speed  may  be  taken 
alwiit  one-fifth  greater  than  that  of  the  wheel-barrows ;  «o  th«t 
is  equivalent  to  about  60  wheel-barrows;  and  one  eorth-wagg 
going  and  returning  a  distance  of  about  6,000  feet  horizontw 
while  another  stands  to  bo  tilled,  will  keep  one  shoveller  at  vac 
If  loaded  wagons  have  to  be  drawn  up  an  ascent,  and 
porary  rails  ai-e  in  modei-ately  good  oi'dcr,  each  foot  of  ai 
be  considered  as  equivalent  to  about  15(1  feet  of  additii 
oontal  distance.  Hence  let  L  be  the  horizontal  distance  i 
which  the  earth  is  to  bo  led  in  cai-th-wagons  drawn  by  huniea, 
the  uHcent,  in  feet,  if  any;  then  the  nuntber  of$hot>tHar»  (in  fltsgl 
rank)  to  eac/t  eariltrwagon  in  motion  ai  one  time,  is  about, 

6,000 

=l;-"i5oh ^'-^ 

and  the  reciprocal  of  this  expresses  the  eaHh-uHigcmB  or  Jraditm  % 
an  eartffioaffon  in  violion  at.  one  time  per  shoveller;  bat  additiou 
wiig(^uu,  as  to  which  no  preciHc  nUo  can  be  laid  down,  mitst  bs  pn 
vided,  in  order  to  allow  for  those  which  are  standing  to  Iw  fifl« 
and  for  those  which  are  in  tho  act  of  being  tipi>fd  and  revenwil 
With  locomotive  engines  the  Bjjeed  can  l>o  increased,  and  ihi 
number  of  wiiguns  projwrtionally  diminished.  The  precodiQ 
calculations  have  i*eferenco  to  wagons  which  hold  from  2  to  J 
cubic  yards  of  ejii*th,  or  thereabouts,  the  weight  of  which  is  from  3 
to  3  ti>us,  the  weight  of  tho  wagon  itself  b«'ing  between  a  ton 
a  ton  and  a-half.  The  friction  being  taken  at  15  Iba.  tmv  toa 
1  —  150th  of  the  gross  load  nearly),  tho  f<n'Co  rcquiretl  to 
wagon,  or  train  of  wagons,  either  on  a  level,  or  up  or  down  a 
declivity,  can  easily  b«  calculated,  lu  estimating  the  numfiiij'i 
Horses  reqvurcd,  the  foi-cc  wliich  a  horse  can  exert  when  walkin 
slowly  may  l>e  estimated  at  alxiut  120  lbs. 

When  the  leatling  of  cai-th  is  performed,  not  in  wagons  d 
tcmyiorary  railH,  but  in  two-wheelod  one-horse  carts  on  an  ordinar 
roadway,  tlie  number  of  such  carta  required  may  be  approxim»tcl 
computed  from  the  data,  that  the  net  load  of  each  such  cut  i 
about  equal  to  that  of  twelve  wheel-liarrow»,  and  its  average  apea 
going  and  retvirning  about  one-sixth  part  mure  than  that  of 
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ban-ow-,  sti  that  oacli  ciirt  in  motion  is  equivalent  to  about 

whecl-barrows  in  motion.     In   this  as  in  the  preceding 

in  computing  the  total  nunilwr  of  CHrts,  allon-ance  must  be 

If  for  tbitse  which  are  standing  to  he  filU-d,  and  those  which  are 

g  turned  and  tipped- 

^>.  Bimckca  on  the  iddes  of  cuttings  are  emnll  platforms,  level 

versely,  seldom  exceeding  about  six  feet  in  breadth.     They 

sometimes  used  in  very  deep  cuttings,  for  the  purjHJse  eitlier  of 

ptiug  the  fall  of  boulders  and  pieces  of  rock  fitim  the  higher 

or  of  facilitating  the  drainage.     A  bench  ought  to  have  a 

vity  lengthwise,  and  at  the  foot  of  the  slope  above  it 

id  be  a  side-dmin  like  that  at  the  side  of  the  basu  (E, 

6(»,  p.   334),  to  catch  and  carry  away  all  the  surfaoe-water 

that  elojje,  t. 

6.  PrrreBUoB  of  8Up«. — As  the  slipping  of  the  sides  of  cutting's 
caused  by  the  action  of  water,  its  prevention  is  promoted  by 
nt  ordinary  drainage,  as  described  in  Article  18'J,  p.  334,  and 
193,  p.  335.      When  ordinaay  method.s  oi   dminage  are 
icient,  other  expedients  must  be  adojjted,  such  as  the  follow- 
To  make  the  branch-drains  of  the  slofjo  very  numin*ou8  and 
;  to  make  special  di-ains  for  canying  down  to  the  side-drain 
cuttings,  tlie  waters  of  such  .springs  as  may  flow  fi"om  the 
to  face  the  elope  with  a  well-packed  layer  of  stones  laid  dry, 
6  to  1 S  inches  thick,  accoi-ding  to  the  circumstaucca  of  the  caso  ; 
t  away  a  portion  of  the  lower  part  of  the  sloytc,  and  form  in  the 
80  left  a  bank  of  gravel  or  sliivers  of  stone,  against  which  the 
of  earth   may  abut,   with    counterfoi-ts,  made   by   digging 
ttEQcfaes  at  right  angles  to  the  gravel  bank,  and  tilling  them  with 
^Tel;  this  combination  acts  both  as  a  retaining  wall  and  as  a 
qrstem  of  drains;  to  build  at  the  foot  of  the  slop<^',  so  as  at  once 
in  support  and  drain  it,  either  a  dry  stouo  retaining  wall,  or  a 
irsll  oi"  brick  or  masonry  laid  in  moi-tar,  backed  with  a  vertical 
layer  of  dry  stones;  to  intercept  underground  waters  on  their  way 
Icnrards  the  slope,  b}'  means  of  a  drift  or  mine. 

Routining  walls  will  be  further  treated  of  under  the  head  of 
iUsoxRY,  and  drifts  under  that  of  Tu>"\ELLiNO. 

In  8<jme  instances,  all  remedies  for  slipping  arc  found  xinavailing, 
sad  the  material  must  be  allowed  to  tind  its  own  angle  of  repoae, 
,^>^  '"'ing  tikeu  to  remove  the  earth  which  slides  down  from  time 
I  i\  and  to  acquire  the  necessary  additional  land. 

^_^i^r.  ScolcMeat  of  EnabaakaHnu*.  —  Embankments  subside  or 
^■^e  after  their  first  formation,  to  an  extent  which  varies  consid- 
^^MMy  for  different  materialb  and  under  difi'erent  ciraimstances, 
^^Kig  Heldora  less  than  om-tiedfth,  and  seldom  Tuore  than  one-fijlh,  of 
^^■a  otigiiial  height     The  beat  method  of  ascertaining  the  ^^i-obable 
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projwrtionato  settlement  of  a  proposed  embankment  is  \if. 
experiment  on  a  short  length  of  it;  allowance  for  the  eettlriDill 
ascertained  mnst  then  bo  made  in  cooBtructing  the  ivinAJodfl 
tho  embankment. 

108.  The  Diatribaiian  oT  Bmrtliwvrh  means  the  arrangement 
which  tho  uiiiteriala  obtained  from  liiffereiit  jarts  of  the  ca  " 
are  distributed  amongst  different  parts  of  the  embankments,  A 
to  insui-e  the  least  possible  expenditui-e  of  labour  in  tlu'  f^adtKf 
conveyance  of  the  earth.  To  attain  tliis  object,  two  niles  a» 
bo  followed  as  closely  as  may  be  prncticablej — to  till  each  poiti 
of  embankment  from  the  nearest  aeeeatiihfe  portion  of  cutting!; 
to  tako  cjire  that  tho  several  i-oiites  by  which  eartli  is  connj 
from  cutting  to  embankment  shall  not  cross  each  other, 

The  7nean  distance  of  lead,  from  a  division  ol'  a  cutting  to 
division  of  an  eraliankment  Avhich  is  tilled  from  it,  is  nearly  eq 
to  the  dtstimco  between  their  centres  of  gmvity. 

lUD.   Cktaernl  Operation*  »r  Embnttklac The    beet   materia 

embankments  arc  tho.se  whose  frictional  sti\bility  is  tlio  •/' 
the  moat  ]K;rmanent,  such  as  shivers  of  rock,  shingle, 
clean  sand.     Clay  also  forms  safe  embankments,  pm\-i<l 
or  nearly  dry,  when  laid  down.     Wet  clay,  vegetable  1 1     i 
mud,  are  untit  for  use  in  embankments;  ao  also  is  jieat,  except 
certain  precautions  to  be  afterwards  mentioned 

An  embankment  may  be  made  in  three  ways: — I,  Id  ODt' 
IJ.  In  two  or  more  thick  layers.     III.  In  thin  layere. 

I.  In  one  layer. — This  being  tho  cheapest  and  quickest  mriki 
consistent  with   stability,  is   that  followed  in  all   eaithworkj 

which  there  is  no  special  reuMoo  tn  \ 
contrary.  In  fig.  162,  BAC  nep 
senta  the  natural  surface  of  the  grmu 
D  A  part  of  the  base  of  a  cuttis 
AE(?an  embankment, tho cimstructi 
Fig^.  1 02.  of  which   is  carried  i'urward  *  in 

direction  A  E  of  its  full  width  and  height  (including'  a  suffid* 
allowance  for  subHidenct*),  by  running  earth-wagoij 
rails  from  tho  cutting  along  the  top  of  the  ennbaakoj  J 

thcin  at  E,  so  that  the  earth  runs  dovm  and  spraads  lUcll  u\n' 
sloping  end  E  0  of  the  bank,  which  is  called  the  "tin  " 

Tho  sloping  lines  parallel  to  E  C  represent  ■■ 
previous  jtositiona  of  tho  tip,  as  thr  em>wuikni. 

No  tipping  over  the  sides  ot  ilJ  U)  tUI«)«i 

for  the  earth  bo  tipped  is  Itabb- 

II.  in  thick  laijcrs.—ThiA  ji.  .    .-    ,.  mwm 
ZwntmeDta  of  great  height.     It  t  . ;  :  t  m  f  ii.                 .i'caaatn 


tion  of  ike  einbaukment  up  to 
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ping  over  the  end  aJready  described ;  leaving  that  layer  for  a 

to  settle,  aud  then  niakiug  a  secuud  layer  in  the  same  way, 

so  ou.     It  involves  much  additional  time  and  lubour,  and  is 

jm  employed.     It  is,  however,  useful  in  making  emlmnkments 

Elkkrd  clay  or  shale,  which,  when  iii-st  ti[vped,  consists  of  angular 

llpe  that  lie  with  vacant  spaces  between  them,  and  do  not  form  a 

i]i*ci  mass  until  ^jartially  softened  and  bivken  dowu  by  the 

un  of  nir  and  nioisture. 

[Hi.  In  thin  layers. — This  process  consists  in  spreading  the  earth 

) horizoiiUil  layei's  of  from  9  inches  to  IS  inches  deep,  and  ramming 

laver  so  as  to  make  it  coni|tact  and  iimi  before  laying  down 

next  layer.     Being  a  tetlious  and  laborious  process,  it  is  used  in 

cases  only,  of  which  the  principal  are,  tlie  filling  behind 

uning  walls,  behind  wings  and  abutments  of  bridges  and  culverts, 

*ud  over  their  arches,  and  the  embankments  of  reservoirs  fur 

wur. 

The  lahour  of  spreading  earth  in  layera  and  ramming  it  may  be 
Brtinmtetl,  in  geuenij,  at  fn;>iii  once-und-ormicth  to  once-and-a-lhird 
^thmi  of  shovelling  it  into  ji  barrow.     (Seu  Article  l'J4,  p.  337.) 

200.  Baibankiaii  on  BideUng  OrAaBil.— When  the  natural  ground 
ha  tt  steep  sidelong  slope,  it  is,  in  genera!,  necessaiy  to  cut  its  sur- 
£ic«i  into  sto[>s  bofon-  making  the  embankment,  in  order  that  tije 
Utt«*r  may  not  slide  down  the  slope.  In  the  cross-section,  iig.  163, 
the  dotted  line  A  B  repre- 
aruts  the  uatura.!  surface  c»f 
llic  gronnd,  Q  E  B  a  side- 
cutting,  and  A  D  Q  an  em- 
Uuikment,  resting  on  steps 
which  have  been    cut  l»e- 

AundQ.     The  best         --^ 
:i  for  those  steps  is 
fsrficndindar  to  the  axi^i  of  greatest 

f>i  the  vertical  is  given  ]>y  equation  14  of  Article  183,  p.  322; 
tlist,  if  A  D  is  inclined  at  the  angle  of  repose,  the  st^ps  near  A 
»h&uld  be  inclined  to  the  horizon,  in  the  opposite  direction  to  A  D, 
It  the  onglo  given  by  equation  Ifi,  p.  322;  while  the  steps  near  Q 
Tn;iT  W  level.  It  is  better  to  make  the  st^'ps  steeper  than  th*  in- 
■u  given  by  this  principle  than  to  make  them  flatter. 
BoibiuJilim  ever  and  near  MaBonrr. — In  embanking  over 
livcrt*  (that  is,  covei-ed  drains  of  masonry  or  brickwork),  near 
ling  walls,  or  near  the  abutment  and  wing  walls  of  bridges, 
muAt  lj«  taken  not  to  injure  the  masonry  by  shocks  from  tho 
1  of  earth,  or  by  ill-distributed  or  sudden  pressures. 
For  tho  purpose  of  preventing  shocks,  the  precaution  is  taken 
riafcly  mentioned  in  Article  1 99,  above,  of  spreading  the  earth  in 


Fig.  163. 
pressttre,  whose  inclination 
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imm^diate  contact  with  the  mnsmuy  in  thin  lay 
Cfloh  layer.  For  this  piirp<ise,  dry  materiaLj  shoii 
will  lot  water  rli-aiu  off  eassily,  such  aa  shivers  of  ston 
clean  ooiirso  saud.  Tins  mmmi'il  earth  Bhuuhl  fill 
between  the  wing  walLi  of  bridges,  and  oxtond  back  f 
walls,  and  from  the  abutments  of  bridges  and  culvor 
thereabouts.  Over  the  arches  of  culverts,  the  cartl 
tlun  layers  shonld  rise  to  at  least  half  the  height  of 
embankment;  the  remainder  may  be  tijjjK'd  in  the  coi 
For  the  purpoao  of  preventing  unequal  lateral  prec 
bridges  and  large  culverts,  care  shouJd  be  taken  (I 
Doceasary,  of  timber  platforms  t/o  carry  the  temporaiy  i 
embankment  h  earned  up  at  both  sides  of  the  Btmc 
and  as  nearly  a«  jioesible  to  the  same  height  at  the  eai 

202.  DnUaoaa  mf  KHbanlmeBis.— The  poidtion  an 
oatoh water  di-ain  near  the  f(K)t  of  the  slope  haa  aJn 
plained  in  Article  189,  p.  334.  The  oonstrnctinn  of 
cai'iying  drainage-water  below  embankments,  will  1 
under  the  head  of  Masokrt.  Gnnind  in  which  aprini 
be  avoided  altogether,  if  possible;  but  if  it  i»  .absolni 

cmbauk  over  a  spring,  a  culvert  may  l>e  built  to  a 
ir  uf  the  cmlAukxnent. 

203.  Emkaakmeat  la  ■  OicmI  Plate.— When  a  line  ( 
is  carried  acros.4  au  extensive  plain,  it  ia  almost  always 
order  to  keep  its  surface  drj',  thut  it  should  be  mia 
general  level  of  the  ground;  and  where  inundatiot 
requisite  height  may  be  confdderablc.     In  fig.  164,  A 


.z: 


X. 


Fife'.  16-L 

tion  of  an  embankment  for  this  purpose,  tho 
i  obtained  by  di^'giug  a  pair  of  trencbes,  B,  C 
These  trenches,  by  collecting  a«rface-wat«r  and  t 
into  the  nenrest  liver  or  other  tuain  drainage  chai 
shorteu  the  dumtion  of  lloods  in  the  neighbourhood  of 
l!04.   BaibaBlnaeaM  on  B«A  Ctrwaad.— When  tho  gro 
that  an  embankment  made  in  the  ordinary  way  wou 

I  different  ex])edienta  are  to  be  employed,  according  to 
degree  of  difficulty  to  bo  overcome.    The  following  list  i 
is  arranged  in  the  oi-der  uf  an  increasing  scale  of  diffici 
L  By  digging  aide-drains  parallel  to  the  site  of 
embankment,  the  firmne^is  of  the  natural  ground  m»y 
XL  If  the  material  oC  tlxe  ni\\\rcoX  \gcvk>3Xi<^  Vua&  &  dis£] 
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h  imich  flatter  than  that  of  tho  nmterial  of  the  cni- 
the  slojves  of  thci  embtiukment  may  be  formed  to  tJie  same 
Ingle,  tijtw  giving  it  a  broader  foandatioa  thou  it  woald  have  with 
till  oiru  niitnia]  slope. 

ni.  A  foiindiition  may  bo  made  for  the  embaukmeut  by 
digginc;  a  trench  aud  filling  it  with  a  stable  materitU.  In  lig  1 65, 
A  E  P  B  repreaeuta  the 
xnns-Bection  of  an  intended 
flmhuLkment,  and  A  C  D  B 
tfnt  of  the  trench  to  be 
iag  for  ita  foandation,  the 
fld^  of  tho  base  of  the 
trench,  C,  D,  beiug  vertically  below 
lent,  E,  F.     To   design   these 


Fig.  165. 

those   of  the   top   of  the 
croBs-sections,   pi^ooecd  as 


^ 


Xet  A  =  C  E  denote  the  height  of  the  proposed  embankment; 
to,  the  -weight  of  a  cubic  foot  of  its  material; 
«/,  theireightof  a  cubic  foot  of  the  material  of  the  natural  ground; 
f\  its  angle  of  rejioae ; 
A'  =  G  C,  the  required  depth  of  the  foundation; 

1  +sm  ^ 
tben  tiie  depth  of  the  foundation  is  given  by  the  formula, 


A'  = 


V)-V3li^- 


.(1.) 


The  slopes  of  the  trench,  C  A,  D  B,  should  be  inclined  at  the 
of  repose  of  tho  soft  material ;  so  that  the  breadth  of  each 


AG  =  A''Ootan^'; 


■12.) 


lud  thin  fixes  also  the  inclination  of  the  slopes  of  the  embankment. 
1 A  E,  B  F,  without  reference  to  the  angle  of  repose  of  ita  mattiial. 
IV.  The  groun<l  may  be  compreaaed  and  consolidated  by  mcam: 
short  piles.     Thin  method  ■will  be  farther  explained  under  tho 

of  Fot  XDATIONS. 

The  embankment  may  be  made  of  materials  light  enough  to 

I  %  Bort  of  mft,  floating  on  the  soft  ground,  such  as  hunlks, 

lai,  or  dry  i)cat.     The  use  of  fascines  will  be  further  explained 

fc  later  chapter.     Dry  peat  was  the  matori,al  tmcd  by  George 

:)hen»on  to  cany  the  Liverpool  and  Manchester  Railway  acivss 

C2u^  Moss.     Its  heaviness,  wJien  well  dried  in  the  cur,  \b  B^ao\\^l 


SU|)I 


1^ 


1^ 
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30  lbs.  per  cubic  font ;  and  when  saturate*}  with  wat^r,  63  IHa.  ( 
the  dry  jn-at  I'lnbiiiiktiitnt  was  placed  a  plntfonn  of  two  layefS 
liurdlc8,  to  caiTV  the  ballast 

VI.  Should  all  otht-r  fxpedionts  fail,  a  moss  or  bog  may  still 
CTOssc^l  by  throwing  iu  »toues,  gtuvel,  aad  sand,  uutd  au  embaa 
luent  is  l'orrae<l,  resting  i>n  the  liaixl  sti-utuni  below  the  moss,  at 
with  ita  top  risin;:;;  to  the  roiiuire<l  level.  It  is  found  that  t| 
material  of  the  emUuikment  luaumes  tlio  samo  natural  ulopo  that; 
would  do  in  the  air. 

2<>o.    DrcMlBR,  SolllMg,  oMd  Plieblnc  fllo|>c«. — The  slopes,  both  < 
enibaukinents  and  ciittiugs,  are  to  bo  dressed  to  smfxdh  nud  regull 
Hurfaces,   nnfl  covered    witli  a  layer  of  soil,  which  vanea  Uvm 
inches  to  ti  inches  in  dejith,  according  to  the  practice  of  difierco 
engineers,  and  is  sown  with  grass-seed. 

The  labour  of  dressing  8loj)ea  is  nearly  equivalent  to  that  o 
digging  about  half-a-foot  deep  in  loose  motdd  over  the  sitne  area  o 
Hurlhce;  and  that  of  spreaduig  the  soil  is  about  the  same  with  tla 
of  shovelling  it  into  a  barrow.     (See  p.  337.) 

Slopes  of  enibanknients  which  are  exj>oscd  to  still  wuter  may  \» 
faced  or  "  pitched "  w ith  dry  stone  about  a  foot  th ick.  The  protectiot 
«if  kIojx'n  ntjainst  waves  and  currents  falls  under  the  head  a 
Hydn\ulic  Engineering. 

J()(J.  ciny  Fuddle  ia  Used  to  make  embankments  and  cbannt'Il 
water-tight,  and  Uj  [imtect  ma-soni-y  against  the  peuetrallou  nl 
water  fiom  behind.  The  projier  material  for  it  is  clay,  freed  froia 
all  large  stones,  roots  of  plants,  and  the  like,  and  contaiiung  ai 
much  sand  and  tine  gi-avel  as  is  consistent  with  its  holding  water] 
if  there  is  tnn  littlo  sjiud,  tho  puddle  ia  liable  to  crack  in  di^ 
weather.  It  is  niiulu  by  working  the  clay  in  layers  about  9  incha 
thick,  witli  enough  of  water  tu  reduce  it  to  u  jjosty  condition,  bj 
means  of  a  tctol  tliat  has  a  sort  of  poaching  action,  until  it  becomei 
a  perfectly  unifortn  and  compact  ma.s8.  The  labour  ia  about  fiv( 
times  that  of  shovelling  the  same  quantity  nf  material. 

2U7.  4|aHnrTlns  nnd  BlMitiiNg  Bock. — Rock  that  is  too  hard  tob 
split  with  the  pick,  the  crowbar,  or  the  quari-yraan's  hammer,  am 
n<.>t  so  hard  4is  to  require  blasting  with  gunpowder,  can  bo  qiiarriei 
in  b](x'ks,  by  cutting  grooves,  or  boring  holes,  in  the  u[>j>er  suriitfl 
of  a  bod,  inserting  blunt  steel  wedges  in  them,  and  driving  tlic* 
wedges  with  a  hanuDcr  until  u  bh>ck  splits  off  from  the  lay«S 
CJauthey's  estimate  of  tlie  labour  of  this  opctation,  per  cubic  yaf 
of  rock,  is  about  04  of  a  day's  work  of  a  man;  but  it  varies  vcl 
much  for  different  kinds  of  rock. 

The  process's  of  blasting  with  gunpowdtr  may  be  divided  iot 
tmnll  blasts  and  (frcut  lUuts, 

l.  A  small  blast  is  made  \)^  V>tvu^  V\^  •a.  ^wa'^t  (^Arttcl 


ULA.STINO   BOCK. 
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p.  335),  a  hole  in  the  i-ock,  whoso  diameter  varies  from  1  inch 
6  inches,  or  thorealiouts,  and  its  depth  from  one  foot  to  30  feet. 
krt  of  the  depth  of  the  hole  is  tilled  with  eoarse-gmiued  gun- 
lowder,  poured  in  thronj^h  a  tube  reaching  nearly  to  the  bottom, 
md  the  remainder  of  the  hole  is  rammed  with  what  is  called 
lamping,*'  consisting  of  chips  of  rock,  sand,  clay,  and  otlu-r  such 
.terials;  the  best  m.iterial  being  dry  clay.  Care  is  to  be  taken 
:rer  to  use  materials  that  may  strike  lire,  and  not  t«  ram  hard  until 
are  some  inches  of  matcnal  between  the  tamping-bar  and  the 
ler.  Tho  fuse  may  ha  protected  by  traveling  a  tube,  or  a  groove 
a  jnece  of  wood.  It  should  burn  at  the  rate  of  about  2  feet  per 
ftinnte.  The  best  fuse  for  this  purpose  is  known  as  "  Biekford'sL" 
The  explosion  of  the  jiowder  splits  and  loosens  a  mass  of  rock  ] 
hose  volume  is  approximately  proportional  to  the  cul^e  o/t/ie  Una 
flmtt  re»islanw, — that  is,  in  geuei-al,  of  tiie  shortest  distance  from 
I  ciurgi?  to  the  surface  of  the  rook — and  may  l>e  roughly  estimated 
Inieethat  culie;  but  this  proportion  varies  very  much  in  difl'erent 

The  proportion  of  the  weight  of  rock  loosened  to  the  wetght  of 
lOKfier  t'xplode<l  mngea  from  about  7,0U0  :  1  to  14,000  : 1,  and  may 
Itakeii  on  au  average  at  lU.OOO  :  1. 
The  ordinary  rule  for  the  weight  of  powder  in  small  blasts  is, 


powder  in  Iba.  == 


(line  of  least  resistiince  in  feet)' 
32 


....(1.) 


A  test  of  the  ptrcngtli  of  blasting  powder  is,  that  2  ounces,  or 
»th  of  au  avoirdupois  pound  of  it,  being  fired  in  an  eight-inch 
kuortnr  devateil  at  an  angle  of  45',  ehould  throw  a  (ib  lb.  ball  to  a 
distance  of  240  feet. 

Another  test  is  by  firing  2  ounces  of  j»owder  in  the  "cprouvette 
run;"  its  bore  is  ll-f*  inches  long,  and  If  inch  in  diameter; 
weighs  86i  lbs. ;  it  is  Imug  in  a  frame  like  a  "  ballistic  pendulum," 
Bid  itd  recoil  is  measured  on  a  graduated  arc.  (iood  powder  fit  for 
tliuting  gives  a  recoil  of  about  20  degrees. 

One  lb.  of  powder  iu  a  loose  state  occupies  about  30  cubio 
bcheH.  By  oompresuiou,  it  may  be  squeezed  into  27^,  or  there- 
huaxa. 

Thirty  cubic  inches  am  equal  t*>  38-2  ci/llndi-icat  irvJiea;  and 
Itis  ia  the  iength  of  Itole,  otm  inch  in  diametet,  required  to  AoW  OTie 
of  piiUHler.  The  corresponding  length  for  other  diameters 
Varies  inversely  as  the  Mjuare  of  the  diameter. 

A  bUist  acts  most'  ellicientiy  when  the  line  of  least  resistan 

(bting,  in  sound  rock  of  unifomj  strength,  the  shortest  line  from 

tW  chat;ge  to  the  aurfactf),  ia  ;>erpendicular  to  the  asLia  oi  t\ve  \iot^ 
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hole.  It  acts  least  efficiently  when  the  line  of  least  resisULBOft 
the  fljcis  of  the  bore-hole  itscl£  It  is  not  alwaj8  poasible  to  jumj! 
liolo  pt;r2)eudicular  tu  the  iuteniied  line  of  least  resiatance;  Irat  C 
Iiolu  rihtiulii  always  be  made  to  fonu  as  great  an  aogl*  vitll  tl 
lino  as  ix>saible. 

If  a  charge  faUs  to  explode,  the  tampin;;^  may  be  bored  out  wii 
tho  auger  (p.  332),  a  new  fuse  put  in,  and  tlie  hole  re-tanipc<l.  Thi 
jiroecss,  however,  m  not  wholly  free  from  danger;  and  the  aiet 
method  is  to  jump  a  new  hole  near  the  first,  and  put  iu  a  fni 
charge  of  powder,  the  explosion  of  which  will  probably  bo  ooil 
muuk-itod  to  the  former  charge, 

TIk^  labour  of  jumping  holes  varies  very  much  for  diffijim 
qualities  of  rock.  It  is  performed  either  by  two  men  striking  thi 
iumper  with  hammers,  whUe  a  man  or  boy  turns  it,  or  by  on*  o 
two  men  mining  it  and  letting  it  drop;  the  latter  being  the  uion 
edicicut  method,  but  wearing  out  the  jumper  iiufter  tliaii  th 
other.  The  jumper  used  for  the  latter  process  is  cuUwl  tli 
"  chum  jumper." 

Tho  following  are  examples  of  tho  day's  work  per  mau  [M•^ 
formed  in  jumping  holes : — 

Cvlindrical  luctin 
of  Hoi*. 

In  granite,  by  hammering, looto  150 

„         by  "churning," 200  nearly 

In  limestone, 500  to  700 

(Aa  to  jumping  by  machinery,  see  Article  392,  j>.  694.) 

In  granite,  jumpers  require  to  be  sharpened  about  once  for  nek 
foot  l)ored,  and  steeled  once  for  each  16  or  20  feet;  and  the  Icnjjti 
of  iron  wuated  in  using  them  is  about  one-tenth  of  tho  duptb 
bored. 

The  lower  ends  of  holes  in  limestone  have  sometimes  bed 
enhirged  to  form  a  chamber  for  tho  powder,  by  the  aid  of  diltlK 
nitric  acid.  A  double  tube,  consisting  of  an  outer  tulie  of  coppal 
with  a  tube  of  li-ad  within  it,  is  passeil  down  to  the  bottom  of  till 
hole ;  the  inner  tube  h.oa  a  fimnel  on  the  top  into  which  tht^  dilut( 
Acid  is  iwni'ed ;  it  imsses  down,  and  dissolves  the  lime  of  the  limft 
stone ;  the  carbonic  acid  gas  disengaged  forms,  with  tl»e  solution  d 
uitKite  of  lime,  a  stream  of  froth,  which  rises  through  the  spso 
between  the  inner  and  outer  tubus,  and  escapes  through  a  Utcil 
bent  8jx)ut  near  the  toy*  of  the  latter. 

II,  A  great  blast  is  made  by  excavating  a  vertical  shsft  or  I 

horizontal  heading  in  the  mass  of  rock,  which  should  turn  at  rigid 

unfiles  at  least  once  on  its  way  to  the  powder-chamber  at  its  end,  it 

loK/t'i'  that  the  tamping  laay  ucA.  \»  XAqcwtx  wsx,   ^smiV  vlutfts  vn 


'••  "     ■"   fiK?t^5WI^^0  3^  kvl  hy  o  (wl  111-  tbore- 
rBqnircd  to  make  them  varioa  fivin  2  days' 
>   v, ..|i,  .11  ".r  lineal  foot.     The  mine  being  swept 

itA  floor  I  ith  a  tnuttiug  of  old  sacks,  the  gun- 

ts  placotl  in    till.    i;iuimber  iii  a  deal  box,  whose  size  is 
ited  by  ilio  frict  that  1  Ih,  of  gunpowder  fills  about  30  cubic 
a  small  qnantitj*  of  finer  powder  in  a  bug  or  case  forms  the 
tins  cbarsf-,"   and   is   ti-avfi-scd   by  a  fine   ])latinum  wire, 
per  conducting  wirt's  with  ea(?h  other.   These 
II  i-uViber  or  guttn-iMjrclm,  or  otherwise  in- 
J,  and  pioteoted  by  bring  plact.'d  in  a  groove  in  a  wooden  bar. 
[untnince  of  the  chamber  is  closed  with  a  wall  of  turf,  and  the 
I  of  the  mine  '•  tam])ed  "  by  being  built  up  either  with  nibble 
irv  or  with  h  mixture  of  stones  und  clay.      When  the  work- 
have  rt'moveil  to  a  safe  distance,  the  o^udncting  wires  are 
3ted  with  the  opposite  ends  of  a  galvanic  battery,  when  the 
ItsLtrio  current  raises  the  platinum  wire  to  a  white  heat,  and  tires 
charge. 

chief  use  of  the  electrical  appai-atna  is  to  fire  several  charges 
tly  at  the  same  instant.     When  one  charge  only  is  to  be  fired, 
Kif^'ty  fiuso  may  be  us«d- 

Aocording  to  Mr.  Sim,  the  chamber  of  the  mine  should  be  ao 

placed,  that  the  line  of  least  resistance  may  be  about  two-tliirds 

>rthc  height  of  the  rock  to  be  loosened. 

In   i^-eat  blusts    tlie   projwirtion   of   the   weight  of    the   rock 

"  T  to  that  of  the  powdw  exploded,  ranges  from  4,500  : 1 

"  13,000  :  1,  and  is   ou  an   average   about   0,000  : 1    or 

[<,'»JU  :  1. 

The  ratio  of  the  number  of  Iba,  of  powder  to  the  cube  of  the 

[)V>«r  of  feet  in  the  line  of  least  resiatanco  ninges  ftxmi  1  :  32  to 

1";  ^mt  the  best  mode  of  fixing  the  quantity  of  jniwder  ia  to 

!kly  the  weight  of  the  maas  of  rock  which  is  likely  to 

aid  use  fi-ora  ^  to  ^  of  a  lb.  of  p<jwder  for  each  ton  of 


In 


.:1. 


iC'<nT)g  the  positions  of  borea  and  mines  for  blasting,  regai-d 
I  to  the  natural  veins  and  fis-^nres  of  the  rock,   as 
li fating  its  detachment  from  its  bed. 
iiliurting  under  water  will  be  considered  in  a  later  port  of  this 

tlttrtiai-.* 


I  On  itii.  ■Ill,i.•(^  (,(  >i]is!!ni'  rock  Uie  following  anthorillM  tnav  be  oonsolted:— 
"On  BlaatinK  and  Qu.nrrj'ing ;^'  a  paper  by  Mr. 
.  ;  and    Bloating  of   Rocks,"   read   to  the  Brtliih 
Jjs  in  i;i.:.Ji  Mfl  a  }-^t'cr  liy  Mr.  George  Robertson,  '*  Ou  the  LugK  %\«a\A 
ybioA,"  rrad  to  the  }i,>ynl  Swtthh  Society  of  ArU,  and  pu^>UBih«&.  Ui  ^ 
'  umi ArcAifed't  Journal,  (or  FebruATy  and  Mat^  18Q\. 
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Table  of  the  Heavikess  of  Bocz. 

Lbs.  in  one  Lbs.  in  one  Cnbie  F«l 

Cubic  Foot.  Cubic  Yard.  to  a  Toil 

Basalt, '. 187  ...  5060  ...  12 

Chalk, 117  to  174  ...  3160  to  4730  ...  19-1  to  II 

Felspar, 162  ...  4370  ...         13-8 

Flint, 164  ...  4430  ...         13-6 

Granite, 164  to  172  ...  4430  to  4640  ...  13-6  to  i; 

Limestone, 169  to  175  ...  4560104720  ...  13-21013 

„       magnesian,       178  ...  4810  ...         i2"6 

Quartz, 165  ...  4450  ...  13-6 

Sandstone,  average,...       144  ...  3890  ...  x^'6 

,,        ditferent  1  .       _..         o-      x  ^     j 

tinds, I  130  to  157   ...  3510  to  4240  ...    17-2  to  I* 

Shale, 162  ...  4370         ...  13*8 

Slate  (Clay), 17510181   ...  4720104890  ...    i3-8toir 

Trap, 170         ...  4590         ...         13-3 

It  IS  stated  that  to  produce  the  same  effect  in  blasting  that  i 
produced  by  a  givt-u  weight  of  powder,  one-sixili  of  that  weight 
blasting  cotton,  or   one-tenth  of  that  weight  of  blasting  oil, 
sufficient.      Blasting  oil   (otherwise  called   "Nitroglycerine"  <* 
"  Nitroleum  ")  explodes  by  concussion ;  therefore  it  is  dangerW 
to  jump  a  new  hole  near  a  hole  which  is  already  charged  with  it 


U!) 
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OP  MASOXRY. 


Section  I. — Of  Natural  Utones. 


iractand  Chnnici«-ra  of  siobc?*.— lu  the  last  Article  nf  t1 
liag  chapter,  rocka  or  natural  stones  woro  con.sider<'rl  in  tiu'. 
nrnttriala  to  be  exeaA  ato<l.     They  Lave  now  to  be  conaidei-ed 
light  nf  materials  for  building. 

!  gcolngiciil  position  of  rocks  has  but  Httle  connection  with 
ir  profnTties  as  building  matenals.      As  a  giMieral  rule,  the  more 
^r-;<'nt  riicl:s  arc  the  stronger  and  the  more  durable;  but  to  this 
\cc]itiou3.     The  projMirties  or  chai-actei-a  of  rock* 

«..     4 I  importance  in  an  engineering  point  of  view  ai-e 

kiiidsj  the  stmctniul  and  the  chemical. 
^^^ith  respect  to  the  Btructural  character  of  their  large  masse.s 
1  maybe  divided  into  two  great  classes, — L  Tlio  unstratiiied,  11. 
stratified,  accoi-ding  as  they  do  not  or  do  consist  of  flat  layers. 
The  V nutralified  liocJci  are  believed  to  have  bee«ime  solid  more 
\am  slowly,  and  under  a  greater  or  less  pressure,  from  a  melted 
They  are,  for  the  most  jjart,  hard,   comiiact,   strong,   and 
kbie. 

[t  is  in  general  obvious  that  the  great  masses  of  unstratified  rocks 

I  built,  as  it  were,  of  blocks,  which  separate  Irom  each  other  when 

i  rock  decays.     In  granite,  for  example,  tliose  blocks  arc  oblique 

ledrons — in   other   words,    rhoniboidal   prisms,   sometimes  of 

loua  size ;  in  Itasalt,  they  are  regular  hexagonal  or  pentagonal 

built  up  into  columns ;  in  trap,  they  are  irregular  prisma, 

imes  approximating  imperfectly  to  the  columnar  forai  of  basjilt, 

I  many  cases  the  further  progress  of  decay  rounds  oflF  tlie  corners 

"  edges  of  the  blocks,  and  converts  them  into  lioidders,  which 

a  tendency  to  break   \ip   into   conctnitrio  oval  layei-s.     lu 

.cutting,  quariying,  and  blasting  of  unstratified  rocks,  the  work 

jttnch  facilitated  by  taking  advantage  of  the  natural  joints  between 

>blf>ckB,  at  which  the  rock  is  more  easily  divided  than  elsewhere. 

In  their  more  minute  structure  the  uustmtified  rocks  present, 

fttr  the  most  part,  an  aggregate  of  crystalline  grains,  tirmly  adherin;? 

t<^'liicr.     In  granite  and  syenite,  these  ciys'tals  are  comj)aratively 

buge  and  conspicuous;  in  trap,  they  are  much  smaller  and  less  dis- 
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tiact;  in  baadt,  tber  are  almoet  toTisible,  aod  the  strairtarB 
iftlmort  glany;  in  Uva,  it  in  decidedly  g\aagj.     Amongst  i-arii 
of  strtictttre  in  ttnstnitified    rocks,  arc  the    porphyiitic, 
detiu?lif<l  crriftalt  of  one  subiitanoe  are  iinbcddcni   io  a  mam 
another;  and  the  oellolar,  wlicre  the  majts  contttina  a  Qitmbcr 
spherical  or  oral  cavities,  aa  if,  in  ita  former  melted  statn,  it 
|i|ur-bttbUeB  dispersed  in  it 

Miiiwwi  of  unstratificd  rock  are  often  travened  bj  vvilun  or 
sometimes  empty,  sometimes  linod  on  the  sides,   and  aoi 
£]lerl  with   cnmstallitu)   masses  of  Tniioiis  mincnd&      Such 
fiuri!  'livinon  of  the  rock  where  they  tnivt-rso  it. 

II  -mI  Rtxk$  consist  of  a  series  of  pa  nil  hi  layers,  erii 

depottited  trom  water,  and  origtually  horizontal,  although  in 
cases  they  have  become  more  or  less  inclined  and  cui-rcdl^l 
■otion  of  distiti'bing  forcc&     It  la  easier  to  divitlu  them  st 
planes  of  dinHion  between  tliose  hiycrs  than  elsewhere.     Thsy 
travened  by  veins  or  cracks,  sometimes  i<in]*ty,  aoioetimcs 
ing  ciystals,  sometimes  filled  with   "dykcu,"   or  ma*sca  of 
stnitiHcd  rock.     Tliose  veins  or  dykes  arc  often  accompanied 
"  iiiult,"  or  abru|it  alteration  of  the  levels  of  the  strata. 

It  is  in  the  imratMliate  neighbonrhood  of  mosses  of  n 
rock  that  the  stratified  mcks  show  the  greatest  t-ffet'ts  ol 
of  disturbing  forcws  in  the  inclioation,  curviitiin.",  lujd  di 
their  layers.     lu  such  positions,  too,  they  often  appear  tu  n  ^-^ 
their  structure  altcrud  by  heat  and  intense  pressure,  and  to  hs' 
bern  roudcrcd  harder  and  more  compact. 

Besides  ita  i>r'inci|)al  layers  or  strata,  a  mass  of  stratified  rock 
in  general  capable  of  di\'iaioii  int<^j  thinner  layers;  and  alf '       '  * 
ratfiuses  of  division  of  the  tlunner  layers  are  often  parall 
of  tho  strata,  they  are  also  often  obliijuo,  or  even  ]■ 
tbem.     This  constitutes  a  ^^w»n«*f«^^  structure.     L;u. 
resist  pressm-e  more  strongly  in  a  rlLroction  perjMnulicuLu-  Ui  tin  if. 
laminiu  than  parallel  to  them ;  they  are  more  tetiuciuus  in  a  dircctioi 
parallel   to  their  lamiu»  than  perpendicular   to  them;  and  iktj] 
aro  more   durable  witli  the  edges  than  with  tho  sidi"»  of  t!i<v! 
Km'"*"  exposed  to  the  air;  and,  thcrof<ire,  in  building,  t 
be  placed  with  their  lauiinss  or  "  beds"  |)erpen<lic(iiar,  or 
to  the  direction  of  greatest  pressure,  and  with  the  edges  of  tiurt 
lamims  at  the  face  of  the  wall. 

In  the  more  minute  structure  of  stratified  rocks  the  following 
varieties  are  distinguished ; — 

(1.)  The  compact  cryataUine  structure,  as   in   qnnrtz  rock  sod 
ttarble.     Tbia  is  accomfjanied  by  great  strength  and  duffliili'v 

(2.)  Tlie  slaty  structure,  when  the  rock,  which  ia  uj^uiil 
mn  bo  split  into  iunumevablu  thin  layei-s,  often  highly"  *..  ...-  ^  -'I 
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Itification.      This  stmcture  ia  considered   to  have  arisen 

pnse  presBtire,  in  a  direction  perji^ndicular  to  the  layers. 

xtvs,  ijuarrying.     Some  of  the  stones  in  which  it  occurs,  as 

iy-slatf  and  horublende-slatf,  ai-e  amongst  the  strongest  and 

inihl**  known.     Otbora  are  soft  and  perishable. 

lio  tjranular  cryntaJliue  structure,  in  which  crystalline  groina 

'  sdbere  firmly  together,  as  in  gneiss,  or  are  cemented  together 

ooe  majs  W  some  other    material,    as    in    sandstone.      This 

uxompanied    by   various    degrees    of    compactness,    poro.«dty, 

ogtli,  and  durability,  from  the  highest  to  the  lowest,  passing 

lie  loweeit  extreme  into  sand. 

L)  The  compftct  granular  structure,  where  the  grains  are  too 

&  to  be  visible,  and  seem  to  form  a  continuous  mass,  as  in  bluo 

Hione,     This  strncture  is  usually  accompanied  with  consider- 

tli  and  durability.     It  pa?scs  by  gradations  on  the  one 

the  compact  crystalline  structure  (I),  and  in  the  other 

I.)  The  pormta  granidar  stracture,  in  which  the  grains  are  not 

italline,  and  are  often,  if  not  always,  minute  kIicILs  cemented 

ither,  as  in  oolite.     The  porosity  of  rocks  ha\nng  thi.s  Ktnicture 

ies  much  J  and  so  also  do  the  sti-ength  and  durability,  which  are 

om  very  high.     In  the%  respects  the  lowest  example  is  soft 

It 

J.)  The  eoncflomeraie  stmctare,  where  fragments  of  one  material 

imbedded  in  a  mass  of  another,  as  in  gnuiwacke. 

'he  fracturey  or  appearance  of  the  broken  surface  of  a  stone,  is 

of  the  means  of  showing  its  structural  character.     The  foUow- 

«re  examples : — 

he  even  fracture,  when  the  surfaces  of  division  aro  planes  in 

site  poaitious,  is  characteristic  of  a  ci^ystalline  structure. 

he  WMVtn  fracture,  when  the  broken  surftico  presents  sharp 

--"-■  --^,  ia  characteristic  of  a  granular  structure, 

;  firacture  is  even  for  jdanes  of  division  parallel  to  tho 
mauon,  and  uneven  for  other  directions  of  division. 
he  eonehoideU   fracture  presents  smooth  concave  and  convex 
KOes,  and  is  chamcteristic  of  a  hard  and  compact  structure. 
he  ttuihy  fracture  leaves  a  rough  dull  suriace,  and  indicates 
MS0  and  brittk'uess. 

09.  chcMOcaii  CMiBtitnenta  of  8ioHe*>^The  numerous  substancea 
eh  have  not  yot  been  decomposed,  and  which  are  therefore 
rtsionally  called  "  elemeuUuy  substances"  in  chemistry,  are  all 
jil  in  the  composition  of  stones.  These  elementary  substances 
n.  bv  their  combinations,  a  vast  variety  of  compounds  called 
lends,"  or  '*  minenO  wpecies."     Each  simple  mineral  is  a 

Tuical  compound,  and  is  a  homogeneous  substance;  that 


I 
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I  to  WBj,  every  particle  of  it  perceptible  to  any  moans  of  ol 
thailiulj  oompoeed  to  every  other.  Moat  isiuiplu  miQi 
distinguisfaetl  also  by  definite  primary'  forms  of  crystali 
[7wo  minerals  which  have  the  same  chemical  oompofiition  znaj 
rbe  distinguished  aa  distinct  epeciee,  by  having  diiferent  prinui 
crystalline  forma.  Thomson  enumerates  more  than  500  mineml 
epecies;  Jameson  gives  about  110  genera,  each  containing  from  on 
to  10  specieH. 

The  nuiKses  which  form  the  earth's  cnist.  whether  stony  or  earthr, 
stratified  or  unstratilied,  are  made  up  of  simple  minenik,  either 
of  one  kind  or  of  several  kinds,  7n{j»d,  not  chemically  conibiticrl. 

There  are  a  few  simple  minerals  which  are  so  much  mure 
dant  in  the  earth's  crust  than  the  others,  that  they  fix  tlu' 
dominant  characters,  both  chemical  and  mechunicul,  of  the 
into  whoso  oompoisition  they  enter;  and  th«we  minenils  almie,  wjiK 
their  principal  cbemiatl  constituents,  need  be  considered  iu  such  a 
trefitiso  a.s  the  presetit 

The  principal  chemicnl  constituents  of  those  predominant  mittendt 

four  E.VUTH8,  viz. : — 
I.  Silica,  or  pure  Hint     Its  chemical  comiMsition  ia  (according' 
to  tlie  British  sc^e), — 

One  equivalent  of  silicon, ,S 

Two  equivalents  of  oxygen, ^3 

One  equivalent  of  silica, 6o 

Silica  exists  uncombineil  in  great  abundance,  in  the  form  ol 
quartz,  sand,  and  Hint.  With  other  earths  and  alkalies  it  oorabints, 
acting  as  nn  acid.  It  is  not  soluble  in  any  acid  except  the  flimric, 
nor  when  crystallized  is  it  soluble  in  water;  but  by  an  indiroet 
prooess  it  can  be  made  to  form  a  gelatinons  ci-jmpound  wirli  wstter. 

IL  Alwnina,  the  base  of  clay.     Its  chemical  oompositiuu  is 

Two  equivalents  of  aluminium, 54*8 

Three  equivalents  of  oxygen, 48*0 

One  equivalent  of  alumina, ....'. lo2'8 

Alumina  exists  uncombined  in  the  ruby  and  sapphire  alone.    In 

[combination  with  other  earths,  it  exists  in  great  abundance.    It 

'ftcts  either  03  nu  acid  or  as  a  base.     It  forms  a  paste  with  WAlttt, 

and  by  indiirct  processes,  can  be  made  to  form  a  gelatinous  am- 

pound  with  water. 

IlL  Li/iie  is  thus  comjioaed, — 

One  equivalent  of  calcium,. „ ^o 

One  equivalent  of  oxygen, l6 

One  equivalent  of  lime, 56 
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Lime  dues  not  exist  in  nature  uncombinod ;  Imt  in  combination 
«ntli  carljouic  ncid  and  -with  other  earths  it  is  very  abunduut.  It 
}0  MroDgly  albdine,  and  wiluble  to  a  small  extent  iu  water. 

IV.   Jfntjtiaia  is  thus  comixjscii— 

One  equivalent  of  magaesiun], 24 

One  equivalent  of  oxygen,...  16 

40 

"^'^••■Tiosia  is  not  found  in  uaturt'  unoonibincd;  in  combination 

tbonic  acitl  .ind  with  other  earths  it  is  abundant,  though 

1 ,     .11  much  so  a.H  the  tlireo  earths  before-nientione<l.     It  is  alkaline, 

»Mit  not  so  highly  so  as  lime,  and  is  very  8i>aringly  sfdublt)   in 

v  iter. 

In    some    of   the    predominant  mineraU    the    two    following 
1E8  are  found,   combined   with  earths.     Their  preswnce  in 
,  lomotc*  its  dccoropositiou  when  exposed  to  the  weather: — 

Names.  Cuinposilion.  EqairaleitU 

V.  PottuJt, Potassium  78-3  4.  oxygen  16  =  94*3 

^L  Soda, Sodium      46-    -f  oxygen  16  ^02" 

T!ie  following  AciD  exists  abundantly  in  combination  with  lia| 
And  magnesia. 

VII.  Carbmite  Acid,...  Carbon  12  +  oxygen  32  =  44 

^Tbe  presence  of  carbonic  acid  iA  stones  is  made  known  by  their 
rescinp  when  acted  upon  by  stronger  acids, 
he  raetaU  iron  and  manganese  alsti  onter  into  the  composition 
<rf  the  pred'Miiinaut  minerals,  in   (piantities   comparatively  small. 
Their  chemiial  e(piivalent.s  are.  Iron,  5G;  Manganese,  55. 
210.  The  Prv^AnsinnBi  .niarnia  !■  swbm  are  the  following: — 
I.  Quartz  is  pure  silica.     Its  heaviness  is  from  2'5  to  2'7  times 
that  of  water.     Its  primary  cn'stHlline  fonn  in  a  rhouil)ohedron. 
Its  most  common  external  crystAliine  form  is  a  regular  six-sided 
prism,  with  a  six-aided  pyramidal  summit 

^  u^t  occurs  in  tnuispfirent  crystals,  colourless  or  cidnured,  it 
'  1  rocJc-cn/Htal.  In  a  com{wict,  translucent  mass,  it  is  called 
w/%  In  diirk-coloured,  translucent  lumps,  which  are  sicittered 
j;i  the  chalk,  it  is  called  _/?ln^  In  gi-ain.s,  or  small  crystals, 
noTT  or  less  rouufled  at  the  edges  and  comei-s,  it  forma  sand.  There 
!  ^-oriouB  other  forms  of  quartz,  which  it  is  unnecessary  to  men- 
It  is  the  most  hard  and  durable  of  all  the  predominant 
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II.  FeuPAB  is  a  mineral  genus  of  componnds  of  mrtli* 
alknlics,   of  which   the  three  species  whnsv  composition   in  gi 
WImw  are  tlie  moat  ubunihiut,  CBpecially  the  lir»t.     Thoir  boirj 
is  from  2"5  to  '2'S  times  that  of  water. 

1.  Common  Felspar,  or  Potash  FtUpar,  ia  composed  of 
alumina,  and  potJish,  in  jirofiortiona  which  nearly  agree 
lollowing  constitution : — 

6  equivalents  of  silica; 
1  equivalent  of  alumin.i; 

1  equivalent  of  potash. 

2.  Soda  Fdtpar  has  the  whole  or  port  of  the  potash  replaced  by 
an  equivalent  quantity  of  soda. 

3.  Livus  Felspar  has  the  whole  or  part  of  the  potafih  repluoeJ  1^ 
an  equivalent  quantity  of  Lime. 

Felspar,  with  a  crystalline  or  compact  granular  stmctuiv,  fc 
the  white  or  flcMh-coloured  grains  and  crystals  whif^li  an*  »reaj| 
granite,  porjM'ry,  and  some  other  rock.<5  to  bu  allorwiiinls  mm 
I  With  a  slaty  structure,  it  forma  clinkstone.     With  u  Rolt 

tnre  and  earthy  fracture,  it  forma  clayatone.     It  pve^onii' 
Bea  of  hardness  and  tlurahility. 

III.  HoRjTBLEJfDE  ])resentfl  gi-eat  varieties  in   a]^peftrance 
coraposrition.     Ita  heaviness  is  from  2"7  to  3*2  times  that  of 
The   composition   of  the  wliite  variety  agi^ees  nearly   with 

Allowing  constitution : — 

9  eqnivalenta  of  silica ; 

6  equivalentfi  of  magnesia; 

2  equivalent  of  lime  j 
and  there  ia  also  a  small  quantity  of  fluorine,  which  may  be  oo 
bined  with  jmrt  of  tlie  calcium.     The  most  common  varieties 
the  dark-green  and  the  black,  in  which  part  of  the  silica  ap 
be  replace<l  by  alumina,   in  the   pi-oporlion  of  ouo  equi^'uli 
alumina  for  three  of  s^iLica,  and  pai't  of  the  magnesia  by  an  eqtitva 
lent  quantity  of  protoxide  of  iron. 

Dark-green  or  black  hornblende  forms  a  great  yyari  of  the 
of  greenstone  or  trap.  It  occurs  in  ciystals,  fibres,  and  gnuzu,  ■> 
has  a  glassy  luofcre,  and  a  fractm-e  sometimes  conchoidal,  somuiioK 
uneven,  somelimea  slaty.  It  is  one  of  the  toughest  and 
dnmble  of  minerala. 

IV.  Adoite  much  resembles  hornblende  in  all  its  propcrtii 
The  compositiou  of  its  white  vaiietiefi  agrees  nearly  with  ib 
following : — 

2  oquivnlents  of  silica; 
I  equivalents  of  magnesia; 
1  ti\uivft\evi\ft  oiVoottj 
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He  in  the  green  and  black  varieties,  part  of  the  magnesia  ajijteara 

be  replaced  by  au  equivalent  quuntity  of  protoiidu  of  iron. 

V.  M.IOA  is  distinguished  by  having  a  laminated  Htnictiirw,  ao 

t  it  either  eonsista  of  or  can  easily  be  split  into  transpai-cnt  or 

*  -tnuup«u«ot  layers  or  scales.     It  i-s  flexible,  and  8o  soft  that  it 

be  cut  with  a  knife.     Its  heaviness  is  ft-om  2-8  to  3  timt«  that 

water.     The  composition  of  one  variety  is  nearly  as  follows : — 

15  equivalents  of  silica; 

4  equivalents  of  alumina; 
3  e«iuivalents  of  potash ; 

5  equivalents  of  oxides  of  iron  and  of  manganese. 

I  other  varieties  part  of  the  potash  would  seem  to  be  replaced  by 
iatt,  and  by  an  additional  quantity  of  oxides  of  iron  and  of  man- 
Some  kinds  contain  Hnorine. 
Chlorite,  or  green  earth,  is  a  compound  of  the  silicates  of 
kesia,  alumina,  potash,  and  oxido  of  iron,  with  some  water.     It 
^niMea  mica  in  its  laminated  stmctuno,  and  in  its  wiftness  and 
cibility.     Its  heaviness  is  from  2-7  to  2-8  times  tliat  of  water.     It 
in  small  scales,  in  large  sheets,  and  in  slaty  masses. 
Cabbonate  of  Luf£  consists  of  one  equivalent  of  carbonic 
.  and  one  of  lime.     It  forms  all   the  varieties  of  marble  and 
one     These  stones  will  l>e  further  descrilwd  afterwards. 
[L   Dolomite  is  a  comjiound  of  carbonate  of  lime  ami  car- 
of  magnesia,  in  the  proportion  of  about  two  equivalents  of 
kfonner  to  one  of  the  latter.     It  foi-ms  various  magneaiau  lime- 
les,  to  be  described  further  on. 

211.  sioacia  Clawed. — The  fttoues  used  in  building  are   divided 
three  classes,  cncli  distinguished  by  the  eari/i  which  forms  its 
^  constituent.     These  are — 
J,  SUiceoitg  Sfo}<''s. 
II.  A  riji//iirf>i(.i  -•^finies. 
in.  Calcurfjiia  Stoats. 

312.  tNHrmiK  «oac*  are  those  in  which  silica  is  the  chamcterLstio 
f.  With  a  few  exceptions  their  atnicture  is 
y,  and  the  crystnlline  gniius  containefl  in  them 
hard  ami  durable;  no  that  weakness  and  decay  in  them  gcm.'- 
Ijr  arise  from  the  decomiwsition  or  disintegration  of  some  suiter 
more  j)eri8liablc  mat^ndal,  by  which  the  gj-ains  are  cemeutod 
lia",  or  by  the  freezing  of  water  in  their  pores,  when  they  are 

I  following  are  the  principal  siliceous  stones  used  in  building : — 

T,   Gbasmte  and  Syenite  are   un.stratified  rocks,   consi&tiug  of 

irtz,  feJwpar,  mica,  and  hornblende.    The  name  granite  i^  Hpeciully 

lied  to  thoae  apea'mena  in  which  there  is  little  or  no  \\OTO\Aftti' 
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the  name  ayenile  to  those  in  vrhich  there  is  little  or  no  mioi; 
Ijotli  are  popularly  known  as  granite. 

Tile  quartz  is  in  the  form  of  clt«r,  colojirless  or  gray  crvRtal*;  1 
hornbleude  (wlien  jirest-nt)  in  ilark-greeii  or  black  rrystals;  t 
mica  in  glistening  scales,  or  grains  composed  of  auch  scales;  t 
felspar  Lu  comjiact  opaqne  crystals,  of  a  white,  yellowish,  or  fla 

ColotU", 

Granite  is  found  undi?rlying  the  lowest  or  "  primnry  "  stratift 
rocka,  and  often  rising  through  and  ovei"  them  in  dykes,  veins,  ai 
Dioiiutiiin  masses,  which  naturally  break  up  into  large  rhomboid! 
\ilorks,  ns  »tat«d  in  Article  208,  p.  340. 

The  durability  find  hardness  of  granite  ana  the  greater  the  mw 
quiirtz  and  hornblende  predominate,  and  the  less  the  qtiantity  ( 
felspar  aii<l  mica,  which  are  the  more  weak  and  itorishablo  ingn 
ilient''.  Small Jicss  and  lustre  in  the  cty!<tnls  of  felspar  indioitl 
durability;  largeness  and  dullness,  the  reverse. 

The  bt«t  kinds  of  granite  are  the  strongest  and  must  lasting  J 
building  stones.  The  difficulty  of  working  them,  caiusi'd  by  timl 
gi-ejit  hardness,  i.^  only  overcome  by  long  practicH  on  the  jvirl  cif  til 
Btoue-cuttera,  ^linute  ornament.s  eannot  bo  carved  in  giMuite,  uu 
a  simple  and  massive  style  of  architecture  is  the  best  suited  for  ii 
It  is  us^d  cbii'dy  in  works  of  great  magnitude  and  iniiHirt;>nce,  8U( 
U8  lighthouses,  piere,  breakwaters,  ami  bridges  over  lai-gc  livco 
and  for  such  purjHJsea  it  is  brought  frnrn  gi'cat  di.stnnccR  nt  consvlol 
able  cost,  the  stoncii  being  often  cut  Xay  the  inquired  fonns  hefoi 
leaving  the  quarry,  with  a  view  to  wive  expense  in  csirrmj??.  afl 
tti  obtain  tlm  benefit  of  the  skill  of  stone-cuttej-s  accustomed  to  tl 
material.  It  rs  only  in  districts  where  giunite  abounds  that  it! 
used  for  ordinnry  liuildiug  purjKiscs. 

II.  G.VEJSs  and  JMjca  Slate  cons;ist  of  the  same  materials  vil 
gmnite,  in  a  stratified  form.     Tliey  are  found  in  the  ueighlxiurhtXl 
of  granite,  in  strata  much  inclined,  bent,  and  «listorted,  und  ofU 
form    great    mouutHin    nuuwts.      Gneiss  resembles   gmnite   in  ! 
appearance  and  properticsi,  but  is  1l*s.s  slrotig  und  durable.     Mm 
slute  is  dJstinguislH'd  by  containing  little  or  no  f<*lsftnr,  so  thst 
eotisists  chieliy  of  quartz  and   ruica;   it  has  a  lamiuatal  or  sli 
structure,  ami  tltf  siJky  lu.stre  of  mica;  it  is  a  tough  material,  ■ 
ilinK'tiuuH  pinillcl  t<<  its  biyers,  but  is  more  iwrishable  than  gm*!! 
Uotli  tlitse  stuiic.4  art'  nsud  for  ordinary  masonry  in  the  dintridj 
where  they  are  found.     Gneiss,  fnini  its  sti-atilied  structun-.  i» 
gfKKl  material  fur  Ibg-stoBes.     Mica  slate,  split  into  thin  hiysi 
may  bu  used  for  covering  roofs;  but  it  is  inferior  for  that  pnrpd 
to  clay  »late. 

III.  Gkeenstose,  "WmTSSToyE,  or  Teap,  and  Basalt. 
tock.H  are  unstratified,  and  coToavaX.  ol  \jpAvcJu«  tx^%\«^i*A  Wrohlu 
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<it  of  augite,  with  felspar.  In  greenstone  the  grains  are  consider- 
•Uy  finer  than  in  granite ;  in  bas:ilt  tboy  are  scarcely  distiufruitthnble. 
Greenstone  breakii  up  into  small  blocks;  lioaalt  into  regular  j)ri3- 
Batic  columns.  (Article  20^,  p,  340.)  They  iire  foiiud  in  veins, 
djkcs,  and  tabular  masses,  atijongst  stt-atitied  i-ocks  ot"  \  urimis  age.s. 
Greenstone  is  iLsually  »lark-gi"eei),  rarely  "white  r>r  red ;  l>asiilt  iitarly 
black.  These  varieties  of  colour  aire  duo  to  the  hornblende  or  tlie 
lugite,  the  felsjiar  being  white.  Both  these  rucks  are  veiy  cuuipiujt. 
durable,  hard,  and  tougL  The  smailness  of  the  blocks  in  which 
they  can  bt- obtained,  and  the  difficulty  of  working  them,  prevent 
tbcir  Vieing  used  in  large  works  of  masonry;  but  they  an;  well 
•<iApte<l  for  onlinary  building,  and  especially  well  suited  for  paving 
aad  metallitig  hmuKs. 

IV.  Tai-c,    Chlorite    Slate,    Soapstoxe.      In    these    stones^ 
,te   of    magnesia   predominates.       7'atc   is   in   ti*an»piirent   or 

uocnt  sheets  of  a  laminated  .otructure ;  it  is  soft  and  easily 

Chlorite  Siale  is  also  laminated,  soft,  and  easily  cut,  but  more 

ne  than  talc ;  it  is  sometimes  used  for  roofing,  but  is  inferior 

T  slate.     It  has  a  green  or  grceniah-gray  colour,  and  silky 

Soap*tone  is  translucent  and  soft,  and  greasy  to  the  touch.  It  io 
Tallied  for  its  power  of  resisting  the  action  of  lire. 

V.  QuAitTZ  Rock,  Hornstone,  Flint.  These  stones  consist  of 
quartz,  pure,  or  nearly  pure.  Quartz  rock  and  Uornstone  are 
iitnititi^>d,  and  appear  to  luive  been  ])roduced  by  the  action  of  in- 
terne heat  on  stnndstone ;  they  are  botli  compact.  Quartz  i-oek  is 
ei}^talline:   hornstone  is  glassy.     They  are  the  stTongest  and  most 

ible  of  all  stones:  but  their  hardne.^  is  so  great  as  to  make 
use  in  masonry  almost  impracticable. 
Flint  is  found  in  noilules  or  pebbles  scattered  through  the  chalk 
itntLa,.  and  in  beds  of  giuvel,  apparently  left  after  the  washing  away 
of  ibo  chalk.  It  is  hai-d  and  durable,  but  very  brittle.  Flints  aro 
used  for  building  j:)urposes  by  being  made  into  a  concrete  with  lime. 

VI.  HoaxBLENDE  Slate  is  hard,  tough,  durable,  and  impervious 
Io  water,  and  is  used  for  flag-atones. 

VIL  Sandstone  is  a  stratitted  rock,  consisting  of  grains  of  sand^ 
that  i^,  small  ciystals  of  quartz,  cemented  together  by  a  material 
which  is  usually  a  compmud  of  silica,  alumina,  and  lime.  In  the 
•tnitigcst  and  most  durable  Kiudstone  the  cementing  material  ia 
nearly  pure  silica;  the  weakest  and  least  durable  is  that  in  which 
the  cement  contains  much  alumina,  and  resembles  soft  felspar  or 
daystone.  Wlieii  there  is  much  lime  in  the  cementing  matter  of 
»n(Uttine  it  decays  rapidly  in  the  atmosphere  of  the  sea  coast,  and 
u»  that  of  towns  where  much  coal  is  burned;  in  the  former  case 
tiw  lime  \a  dissolved  hy  xauriatic  acid,  in  the  latter  by  svi\)^\v\x'dQ 
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acid.     Cafciferous  sandetonen,  as  tliosc  contniniiig  niQcb  Itiue 
cttlk'd,    jufts   hy    iiiwiKsil>l«-    degrees    iiit-    --unly  limestoiua. 
appeafauco  of  strong  luid  dnmUe   ■  i«  clmmc 

BharpnoHfi  of  the  grains,  sniullncss  ■  ,  mutity  «^f 

iniiterial,  and  .1  clear,  skiuing,  and  translucent  a]i{icaraiiti9| 
uowly  bi-oken  aurface.     Rounded  gi«ins,  and  a  dull,  mealy 
charactei'ize  soft  and  perisliable  sandstone.     The  best  snndKtoDe ' 
in  thick  utrata,  from  which  it  can  be  cut  in  blocks  that  show 
faint  traces  of  stratification;  that  which  is  easily  split  into 
hiyers  is  weaker.    Sandstone  is  foand  in  every  geolo^cHl  fonnalJ4 
alxive  the  primary  rocks,  aronng»t  winch  ite  plaot*  i««  Kup]ilieii 
hom8t4:)ne  and  quartz  rock.     The  best  kinds  on  the  whole  umj 
which  bi'Ioiig  to  the  coiil  foritiatjon;  but  they  sotnetinirn  hat 
strengtli  impaired  by  l>eing  divided  into  layers  by  extreme 
lamina.*  oi'  c<jal. 

The  colours  of  siindstoue  are  white,  yellowish-red,  and  ml. 
latl^ir  colours  l)eing  produced  by  the  jiixseuco  of  pei-oxido  of  i 
in   the    cciuentiug    material.     Crystal.^   of  *\ilj)huivt    of  iron 
sometiraes  imbedded   in   it;  when   exposed  to  air  and   nioi 
the}'  docompo.se,  and  cause  disintegration  of  the  stouc, 
ea.sily    recogntaed   by   their  yellow  or  yellowish-gniy  cnlc 
metallic   lustre.     Sandstone  is  in  general  {wrous,  and   c!i{ii 
absorbing  much  water;  but  it  is  com{>aratively  little  injii: 
moisture,  unless  when  built  with  its  layers  set  on  edge,  in 
case  the  expansion  of  water  in  fi-eezing  between  the  U.yera  : 
them  split  or  *'  scale  "  off  from  the  face  of  the  stone, 
built  "  on  its  natural  bed,"  any  water  which  may  penetrate  In 
the  edgce  of  the  Jayers  has  room  readily  to  expand  or  escajie. 
The  better  kind.s  of  sandjstone  ai-e  the  most  genexully  \m 
building  stones,  being  strong  and  lasting,  and  at  the  fiaow 
easilj-  cut,  sawn,  and  dressed  5a  every  way,  and  fit  aliko  fori 
purfKifie  of  maaonry. 

313.  ArsUlnceoas  or  CInrer  Sioae*  ore  those  in  which  alv 
although  it  may  not  always  be  the  most  abundant  ooastitud 
exists  iu  sulficient  quantity  to  give  the  gtooe  its  cfai 
properties. 

J.  PoRFHTKT  oonid«t8  of  &  maw  of  felspar,  with  crystal*  1 
and  sonjL'timea  of  quart*,  hornblende,  and  other  iniuoralaf 
thro<ogh  it.     It  woura  of  all  degrees  of  liardiiess.     The 
,  which    the   felspar  matrix   is  soft  and  earthy  is*   mlird 
Iporpkyty;  it  is  of  httlc  or  no  value  for  1 
[iMi-deiit  kind,  in  ■^^■htr•h  thr  iimtTix  i?  com; 
tljc  whole  ui;r 

pitUsh,  i.  LI 

iu  building  lor  omBHieXkXa.\  ismr^yiwj&. 
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'..  Cut  Slatb  is  a  pi-imarj-  stmtificd  i-ock  of  gre»t  hardiieKs  and 
ity,  M'ith  a  lamiiiaU-tl  structure  making  in  general  a  gix-at  augle 
planes  of  its  stratification.    (See  Ai'ticle  208,  p.SoU,)     Its 
ore  bluisli-gmy,   blue,   iiud    pur]:)le,    tJie     diukest   coloun* 
ing  in  general  the  greatest  strength  and  dui-ability.     It  can 
t  into  slabs  and  })Iates  of  bhihII  tliickncsB  and  great  area,  and 
ly  inipen.nouB  to  water;  qualitiea  which  make  it  the  best 
ULateriitl  lor  covering  roofs,  lining  water-tanks,  and  similar 
The  stronger  kinds  of  day  slate  have  more   tenacity 
nr  Inminae  than  any  other  stone  whose  tenacity  has  been 
The  signs  of  good  quality  in  slate  are,  compactness, 
>■  iind  uniformity  of  texture,  clear  dark  colour,  lustre, 

the  emission  of  a  riiigiug  sound  when  struck. 
III.  Grauwai^kk  Slate  is  a  Liminated  cliiystone,  containing  sand^ 
■sd  sometimes  fragmenta  of  mica  and  other  niiuends.  It  is  used 
for  nxifing  and  for  flag-stones,  bub  is  inferior  to  clay  8late. 
214.  €^iemrvou»  smbcs  are  those  in  which  carbonate  of  lime 
minat^.s.  They  effervesce  with  the  dilute  mineral  ncids, 
combine  with  the  lime,  and  set  free  carbonic  acid  gas. 
luric  acid  forms  an  insoluble  cnmponud  with  the  lime,  Nitric 
muriatic  acid  form  compounds  with  it,  which  are  soluble  iu 
By  the  action  of  intense  heat  the  carbonic  acid  is  exy>elled 
gMseoos  form,  and  the  lime  lefl  iu  itA  caustic  or  alkiilino 
rben  it  is  called  quicklime.  Some  calcareous  stones  consist 
carbonate  of  lime ;  iu  others  it  is  mixed  with  sand,  clay,  and 
of  iron,  or  combined  with  carbonate  of  magnesia.  The 
lity  of  calcareous  stoiieti  depends  on  their  com  pact  uess ;  those 
ich  are  porous  beitjg  disintegrated  by  the  freezing  of  water,  and 
W  the  chemical  action  of  an  acid  atmosphere.  They  ai-e,  for  tlie 
ftust  part,  easily  wrought. 

I.  Marble  is  compact  crystalline  carbonate  of  lime.  It  is  found 
cUefly  amongst  the  itrimary  strata,  and  generally  in  the  neighlxiur- 
koodof  ignecMis  rocks,  It  is  translucent,  capable  of  a  fine  polish, 
■OMtiinoa  white,  and  ^ometimea  rariously  coloured.  It  is  one  of 
tb«  iBOSt  dnrable  of  all  stones.  Its  scai-city  and  value  proveut  its 
being  nsed  except  for  ornamental  buildiiigs. 

IL  Compact  Limestone  consists  of  carbonate  of  lime,  either  pure, 
«r  mixetl  with  sand  and  clay.  It  varies  in  hardness  and  comjtact- 
tem,  •ometimes  apjiroaching  to  the  condition  of  marble,  sometimes 
to  that  of  granular  limestone.  Its  most  frequent  coloui-s  are 
»lrite,  grayiuh-blue,  and  whitish-bi-own.  It  is  found  amoogiit 
^nmarv  and  secondary  strata,  and  abounds  specuilly  in  the  coal 
'  iTi,  and  in  the  lias  formation.  It  is  very  useful  as  a 
^   stone,   and  is   durable   in   proportion   to   its    comj^ict- 
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DL  OkaxitljIS  LciiEnoTecmwtsti  of  carbonate  of  lime  in  gi 
which  an  in  genccal  ihdh  or  fna^^meota  of  ahell^s  oeme 
toifethtr  hf  want  emponad  of  line,  alum  and  aJnniina,  and  < 
nized  with  a  gwater  or  lea*  4|aaBtitr  of  aantL  It  is  uhvays  i 
or  leee  porous,  and  the  Icm  poroot  tiie  more  durable.  It  iii  fc 
of  varioos  ooloitn,  especcall/  white,  and  light  y«-llowiHL-bn 
In  rnanj  caaea  it  is  ao  soft  whm  fins  quan-icd  tlutt  it  cau  be 
with  a  knife,  and  hardcos  bf  eapuaiiw  to  the  nir.  It  ix  foun 
Tarions  strata,  caperiallr  the  oolitio  fermntion.  it  ilicro  a{>|i 
jn  the  form  of  OoiiU,  or  Bomttnte,  ao  call(*<l  \k<3iqsc  its  grniiis 
ronndf  and  rrserable  the  roe  of  a  fish.  The  jtleasin;;;;  colotu* 
tejcture  of  oolite.,  and  the  casc  with  which  it  is  wnuight,  li 
caused  it  to  be  mach  used  in  bnihling,  especially  whcro  ddi< 
earring  is  required.  The  durability  of  oolites  vuriia  extrom 
The  I'ortlaud  stone,  the  Bath  stone,  and  the  Aubigny  stone  (fi 
Normandy)  are  examples  of  durable  oolites.  The  [lerishiibla  ki 
of  oolite  di-cay  more  rapidly  tlian  Almost  any  other  stone,  c&\km 
in  an  acid  atmosphere. 

IV.  Magnesias  Limestoxe.  -^r  Doix)MITE,  is  found  in  vtinous  \ 
ditions,  from  the  com{<act  crvxtRllino  to  the  |xiro;is  pniutilar. 
firit^in  it  is  fonnd  in  the  new  red  aamlstone  formationj 
mediAtely  ftlrfjvo  the  coaL  It  is  like  limestone  in  Jij^jioar 
Its  durability  dep*'nda  mainly  on  its  texture;  when  that  i»J 
{ii\ct  it  i.s  nearly  as  lustit)<;  &s  marble,  which  it  rcsembl| 
appearance ;  when  jiorous  it  is  rery  f>eri»hable; 

'Jlo.  straacUi  •rsivaM.— The  ext^roid  apftearanoes  from] 
the  probable   comparative  strength  or  weakness   of   stouej 
l>e   inferred   have   been   stated   in   the   course   of   the   pr 
articles. 

Amongst  rtones  of  the  Rnmn  kind,  that  which  has  the 
beaviness  is  almost  invariably  the  strongest. 

The  restilts  of  {-last  experiments  on  the  strength  of  8ton(| 
Biimc  kind  differ  very  much  ffom  each  other,  probably 
variations  in  the  strength  of  the  sjiecimens  of  stone  esj 
on.     The  results  given  in  the  tables  of  the  strength  of  m» 
the  end  of  the  volume  are  averages  from  discortlunt  data,  j 

The  following  table  contains  some  additional  informat 
resistance  of  stones  to  crushing,  extracted  from  a  paper 
read  by  Mr.  Fairbaim  to  the  Manchester  Philosophic 
and   published   in   his   Ua^al  Information  for  £i 
aeries : — 


^^^H  STRENGTH   OF  5T0XES — TESTIXG   DURABILITT.  3G1 

^^^*^  CnwUin;:  Strw",  in  llis, 

vn  the  Square  luck. 

Grauwacke  from  Penmacnmaur,... 1O1893 

Baa»lt,  Whinstone, ii.970 

Gruiite  (Moiuit  Sorrt'l), 12,861 

„       (Ai^'vllshire), 10,917 

■fijenite,  (Muunt  Siirrel), 11,820 

^bindstiJDe  (Stronff  Vorkshiix-,  mean  of  9  experi- 

■  meuts) 9>S34 

J         ,.  (weak  s|H-cimeiis,  locality  not  etateU),  3,000  to  3,500 

BLimestone,  com]>act  (.stmn^') 8,528 

H         „  magut'siiiu  (strong), 7i°98 

B        M  „  (weak), 3,050 

KHr.  Fiiirbairn's  cxj>riiments  fiirthei*  show,  tliat  tlie  resistance  of 
^ppug  saiidfitouf  to  crushing  iu  a  dirt-etion  j>i>mlk'I  to  the  lajtTS,  is 
Tnly  iiix-8creittli4  of  the  resistance  to  cniahin^  iu  a  direction  perpen- 
dicular to  the  layei's. 

Tlie  liarrlost  stones  alone  g^ive  way  to  crusliing  at  onc<»,  without 
pitvious  waniintj.  All  others  bcgiti  to  crack  or  split  \inder  a  load 
Ifss  than  that  which  finally  cnislies  tlieni,  iu  a  proportion  which 
T»ns;ns  from  a  fraction  little  k-ss  than  unity  in  the  harder  stones, 
down  to  about  one-hnlj"\a  the  softest. 

The  motle  in  which  stone  pivcs  way  to  a  crushing  load  is  in 

gtiici^l  \>y  tJicariiuj.  (Article  \'u  .  p|).  2.55,  23t5;  Article  LIS,  p.  2Z7.) 

Ex] K?riuien ta  i)n  the  stnji;,'tli  of  stones  have  hitherto  been  made 

Hmofit  universally  on  culiical  sjieciniens.     It  is  desiniWo  that  they 

Bonld  be  made  on  prismatic  sjiocimeuH,  whose  heiu'lits  are  at  kast 

onct   and   a-half   their    diametei*s;    for   an  ex]K'rinient  made   by 

crualiiuif  a  cube  indicates  somewhat  more  than  the  real  strength  of 

till"  matcriaL 

When  any  building  of  importnnco  is  projected,  the  best  course  is 
not  to  trust  to  books  for  information  aa  to  the  ati-ength  of  tiie 
itoae  to  be  used,  but  to  test  it  by  special  ex])eriments,  which 
cm  wisily  bf  made  by  tlio  aid  of  a  hydniiilic  press.  As  to  th» 
ineth<Kl  to  be  followed  iu  making  those  experiments,  and  calculating 
llti-ir  rcaulta,  in  order  to  insure  accuracy,  see  Article  144,  ijn. 
223.  224. 

The  factor  of  safety  in  stiiicturea  of  stone  should  not  be  less  than 
nght,  in  order  to  pn»vide  for  vanations  in  the  strength  of  the 
nutt^-rial,  as  well  as  for  other  contingencies.  In  some  structures 
*bich  have  stoo<i  it  is  less;  but  there  can  be  no  doubt  that  these 
*n-  itn  the  side  of  boldness. 

210.  Tcstlac  Darabiiitr  of  Stones.— The  appearances  which  iudi- 
oite  probable  durability  have  already  been  mentioned  in  describe 
'v\g  jwrticuiar  kinds  of  atone  j  but  they  are  often  dccc\>\i\«. 


XAITRIATS  AXD  STRUCTCKES. 


One  tost  of  the  ]>iT<'»able  comiiarntive  duntbility  of  etfi 
ime  kind  is  the  smallni'ss  of  the  weight  of  water  wbich  tk\ 
ro\f:(iit  of  stone  is  capaVile  of  absorbing. 

The  following  are  examples ; — 

Gnmite  absorbs  one  part  of  water  in  from  80  tu  700  of  1 
Gneiss,         „  „  ,,  » 


^ 


about 
80  to  700 
30  to     60 


Clay  Slate,  „  „  „  » 

Sandstone  (Strong,  Yorkshire),  ^ 

Another  test  of  probable  comparative  durabilitj  (inventi 
M.  limrd)  is  to  imitate  the  disintegrating  action  of  fixpgt  Vr  1 
of  the  crvBtallization  of  sulphate  of  Kxla,  and  weigh  the  fr 
so  detached  from  a  block  of  a  given  sia?  and  surt'ace  in 
time.     {Annates  dc  Chhiiie  et  de  Physique,  \q\.  38.) 

The  only  sure  test,  however,  of  the  dunibility  of  any 

ue,  is  ex])crience;  and  tlie  engineer  who  pj-oposos  to  ni 
from  a  particular  stratum  in  a  fwrticular  locality  in  any  imj 

ruoture  should  carefully  examine  buihliugs  in  which  tbii] 
Ims  been  already  used,  especially  tliose  of  old  date. 

The  great  difference  which  may  exist  in  the  durabilitr  i 
of  the  same  ktnil,  and  presenting  little  difference  in  apj 

»  strikingly  exeinplitied  at  Oxford,  where  Christ  Church 
"built  in  the  twelfth  or  thirteenth  century,  of  oolite  from  a  i 
about  lifteen   n)iles  away,  is  in  good  pix'sorvnJioii,  while 
colleges  only  two  or  three  centuries  old,  built  alsi->  nf  oolit<', 
uany  in  the  neighbourhood  of  Oxford,  are  rapidly  cruabli 
ieccs. 
217.  Piv««rr«UMi  Af  si«B«. — The  various  processes  wluokj 
en  tried  or  projwaed  for  the  jireaervatiou  of  naturally 
no  all  consist  in  filling  the  poi-es  of  the  «tonc  at 
|>osed  surface  with  Bomc  substance  which  shall  cxdi 
oisture.     In  every  case  the  Bui'face  of  the  etone  ahoii 
lured  to  receive  the  preserving  material  by  expelling  tl 
loisturo  as  comj»letely  as  ]H»i5isible;  and  this  is  ettsily  d 
aid  of  a  portable  furnace  containing  buraing  c<:iko  or  clutrcoaL' 
The  principal  preserving  materials  aro  the  following ; — 
JiituTuinoua  matter,  such  as  coal  tar.,  is  veiy  efficirnt;  hot^ 
ghtly  from  its  colour.     It  is  poa^ble^  however,  that  a 
light-coloured  bituminous  substance,  suited  T 
stone,  might  be  prepared  by  dissolving  "  [latul 
tch-oil,  or  by  some  such  process. 

Drt/ing  Oil,  such  as  Unseed  oil,  either  iimnixod,  or  n«  an 
jwiint,  prot4x;t8  the  Kt-nue  for  a  time  ,  ' 
the  oxygen  of  the  air»  so  that  it  t  ■ 
0}  aixd  it  injure*  the  ftp^MsaxuxM  ol  ^W  c»MM«e. 


of  Potoifh,  or  soluble  glass,   is  apj)lied  iu  a  state  of 
iu.  "wator,  either  alone  or  mixed  witU  silica  in  fine  powder, 
ally  hardens,  partly  through  the  evaiwi-ation  of  its  water, 
ly  through  the  removal  of  the  potash  by  the  cai'boiiic  acid 
the  air. 

Silieaie  of  Lime  is  produced  by  filling  the  pores  of  the  utoue  with 
olation  of  silicate  of  {.lotash,  and  then  introducing  a  solution  of 
oride  of  calcium,  or  of  nitrate  of  lime.  The  chemical  action  of 
e  two  w)lntioa8  produces  tdlicate  of  lime,  which  forms  an  artiflcial 
»e,  filling  the  pores  of  the  natural  stone,  together  with  chloride 
potflLSsium  or  niti-ate  of  potash,  as  the  case  may  be,  which  salts, 
ing  soluble  in  water,  are  washed  out. 

The  efficiency  of  the  last  two  processes,  and  of  various  modifi- 
tions  of  them,  Las  of  late  l^ecu  much  contested.  Time  and 
perience  only  can  show  theii'  real  merits. 

SIS.  KxpoBBiaa  af  siane  hy  Heal.— The  following  are  the  ex- 
Dsione  in  linear  dimensions,  accoi-ding  to  the  ex|>enmeuts  of 
r.  Adie,  of  some  kinds  of  stone,  when  raised  from  the  tom- 
rttture  of  melting  ice  (32°  Fahr.)  to  that  of  water  boiling  uuder 
n  atmospheric  pressure   (212'   Fahr.);  that   is,  through 


Kneau 


Granite, '0008  to  -0009 

Marble....... X)Oo65  to  -ooii 

Sandstone, -0009  to  '0012 

Slate, "00104. 


Section  II.— 0/ Bricks,  and  ot/ter  Artificial  Stoma. 

210.  Ctaj  for  BriclM.— The  various  sorts  of  clay,  which  are  very 
merous,  are  chemical  compounds  cousistiug  of  silicates  of 
tmina,  either  alone,  or  comliincd  with  silicates  of  potash,  soda, 
le,  magnesia,  iron,  and  manganese.  The  complex  clays  ap- 
)ximat<^'  iu  their  composition  to  felspar;  and  inauy  of  them 
IT  in  fact  be  considered  as  soft  varieties  of  felspar.  (Ai-ticle 
6,  p.  354.) 

Clay  and  sand  mechanically  mixed  constitute  loam;  clay  and 
ibooatc  of  lioje  mechanically  mixed,  marl.  Amongst  other 
iMtances  which  are  found  mixed  with  clay  are  peroxide  of  iron, 
Iphuret  of  iron,  bitumen,  kc 

Every  kind  of  clay  has  the  propertj-,  in  its  natural  condition,  of 
rcUuig  aud  forming  u  paste  when  mixed  with  water.  The  ex- 
lliion  of  the  water  l)y  lu-at  is  a  slow  jirocess,  and  requires  a  high 
ttpraaturc,  and  is  accompanied  by  shrinking  and  hardening  of 
of  dj9>'.     It  ia  doubtful  at  what  tevopcr«Aure  t>ae  ex.- 


MATEniALS   XSTD  STBUCTCRES. 


pulsion  of  tlie  water  is  conijilete ;  for  bo  far  as  ex|)erinient  has  j 
becu  cairiotl,  it  apjKui-s  that  how  high  soever  the  t(!rn[)enituro 
whicli  a  mass  of  clay  has  bfen  •'  burnt,"  as  it  is  c»illed.  it  w: 
continue  to  shrink  and  to  lose  weight  if  raised  to  a  higher  tempi 
ature.  A  mass  of  burnt  clay,  at  teniiHM'aturt^s  lower  than  thad 
which  it  has  bwu  burnt,  expands  with  heat  and  ooDtracta  wil 
cold  like  other  suHd  substanees. 

By  the  o[ieration  of  "bnniiiig,"  at  a  sufficiently  high  tempcnitai 
chiy  .Ijecomes  hard  and  gritty,  and  loses  either  wimlly  or  alma 
wholly  the  proiwrty  of  combining  with  water.  Whether  the  cli 
alterwards  slowly  softens,  and  rucovei-s  that  property  or  n<it,  ilfjwa< 
on  its  composition,  and  on  the  chemical  agent^s  to  which  it  Ls  ol 
l)OseiL  The  presence  oF  alkaline  coiistitiientH  in  the  clay,  aiul  U 
iiction  of  acjiU  u]K>n  it,  tend  to  proimite  softening;  and  this  M^H 
the  nioro  nqiidly  if  it  has  Ik-i-ii  lmrfie<l  at  too  low  a  temp<.'mtiq^f 

tShiffte  eari/it/  gilicates,  i>r  comi>ounds  of  silica  with  one  oth( 
enrth,  are  dithcnlt  of  fusion,  and  ivsist  the  most  int^ense  ho 
of  a  furnace.  Thia  lias  Won  uhv.ady  cxcm[ilitied  in  Kilicatc  « 
magncsiii,  or  8oai>stone.  (Article  212,  p.  3.?7.)  Double,  or  inni 
complex  silicates,  are  more  easily  fusible,  especially  if  one  of  id 
two  or  mom  silicates  that  are  combined  hius  for  its  base  jtotaij 
soda,  or  lime,  lu  couf  >rmily  with  this  genci-.d  law,  the  jy/ractot 
cUijfn,  or  those  whicli  resist  fusion  by  the  great'.'st  heat  of  a 
ordinary  furnace,  are  those  which  consist  of  sillcitea  of  ahnuin 
alone ;  and  such  clays  only  are  fit  to  make  fire-bricks  and  cniciblo 
and  to  cement  together  tlio  parts  of  furnaces. 

The  following  are  exami)li.-s : — 

I'orcelain  CUty^  or  Kaolnt,  consists  of 


2  equivalents  of  alumina, 

3  equivalents  of  silica. 


I 


which  compound,  in  ilio  natural  state,  is  combined  witli  twi 
equivalents  of  water,  nearly  all  of  whicli  can  be  C3t|ieUcd  by  I 
white  ht'at.  It  is  found  in  the  neigh  bo  urliood  of  granitic  rwk^ 
having  ln'cn  furiJied  by  the  slow  decomposition  of  potash-feU|*^ 
under  the  action  of  the  carbonic  neid  and  moisture  of  the  ivrnio 
sphertt,  which  have  abstracted  the  pi>tash  and  nine  eqidvaJcn 
of  silica.  Its  colour  is  white  or  cream-colour. 
atourbridge  Fire  Ckiy  consists  of 

1  equivalent  of  alumina, 
3  equivalents  of  silica, 

with  two  equivalents  of  water,  or  therealwuts,  which  can  be  ncaii 
ull  t'xpelJed  by  a  wlute  Vieal,  anCl  a.  a^aX\.  c^vuivAifc^  of  oxide  of 


CLAYS — BRICKMAKINO. 


3Gj 


Its  and  other  fire-clays  are  foiiiui  ehiHly  iu  tlio  coal  forinntioi], 

iir  ciiKiurs  are  whiti',  light^gniy,  and  yeDnwiMh-fji-iiy,  th«j  ci>lo«r- 

tatter  heing  in  ;4>'U«t.i1  ii  sninll  (jnjintity  of  oxide  of  ii-oii. 

tinon  Clai/s  are  rrmJcrttl  iuss  Witlicult  to  fuse  than  jK»rcelain 

'  and  fire-clay,  by  tlie  presence  of  silicates  of  lime,  niagnesia,  and 

>xide  of  iron :  and  the  bricks  made  of  them,  when  thomnjjfhiy 

letl,  are  pailiaUy  vitrified.      Of  these  constituents,  protoxide  of 

is  the  mcrtt  fa%<>ui'able  to  the  quality  of  the  clay  as  i-efjarda 

bt  purpose  of  brickmakiiig,  aa  it  pi-oniotea  the  strensrth  and  liard- 

of  the  bricks.     Its  pi-esence  is  shown  by  a  dark  greyish-lJuo 

which  is  changed  to  red  at  and  near  the  surface  of  the 

by  burning. 

icate  of  lime  in  the  clay  in  any  considerable  quantity  makes  it 

sible,  so  that  the  bricks  soften  iu  tho  kilns  and  become  dls- 

bonate  of  lime,  mixed  with  the  clay  in  considerablo  quantity 
ted  by  effervescence  with  aci<ls),  Iohcs  itsc;ubouie  acid  during 
ming;  and  tlte  quicklime  wliich  veiiiaius  tends  afterwards  to 
moisture,  and  cause  disiiitegr:itiiiii  of  tho  brick.     Clay  con- 
ing this  impurity  should  be  avoided  in  making  bricks. 
Sand  mixed  with  the  clay  in  moderate  quantity  is  beneficial,  as 
tending  to  pi*event  excessive  Bhriiiking  in  the  fire.     Excess  of  sand 
makes  the  bricks  too  brittle.      One  part  by  volume  of  sand  to  lour 
or  fire  of  pure  clay  is  about  the  best  pfopiufion. 

220.  .Ifannfitclum  and  QaollllDa  of  Brick*. — In  making  brick^ 
tfie  clay  having  been  cleared  of  stones,  ia  "  temjHjied ;"'  that  ia, 
mixi-d  with  aljout  half  its  volume  of  water,  and  wnrkeil  by  stirring 
•ncl  kneading  until  it  I'onns  a  perfectly  uiiilbmi  and  homogeneous 
]Mtc.  Tlie  quality  of  the  bricks  depends  mainly  on  the  eltieiency 
*ith  which  tiiis  is  done.  It  may  be  perfurnied  by  a  machine  called 
*  '^pvff-mill"  in  which  the  clay,  containctl  in  a  verticid  cylinder  or 
Hjlpel,  i.s  stiired  an<l  mixed  by  Hat  aniiM  priijecting  troni  a  rot-iting 
^Wtical  axis,  and  at  the  same  time  forced  downwaida  by  tho 
obliqiiity  of  tho  surt'aces  of  those  ami;*,  »o  as  to  1>e  made  to  sti-eam 
liowiy  from  a  hole  near  the  lower  end  of  the  bi\rrel. 

The  wet  clay,  having  been  properly  tenqtored  and  worked,  ia 
(uraicd  int>D  bricks  in  moulds,  which  are  larger  than  the  bricks  are 
ilitended  to  be  when  bunied,  by  about  1-lUtli  or  1-ll'th  of  each 
diiuensititi,  that  being  the  oitlinary  jiroportion  in  which  the 
dimensions  of  the  biick  i^hrink  in  buruir>t;. 

Ordinary  moulds  for  bricks  measure  al)Out  10  inches  in  length,  5 
inrbea  iu  breadth,  and  3  inches  or  thereabouts  in  depth ;  but 
bricks  for  iqiecial  purposes  are  moulded  of  a  great  variety  of 
kbtpcs.      Various    machines    have    been    invented   for  moulding 


Thr 


i't>  nun,  V17. 


and  two  bovs,  vL 


make  16,100  bricks  per  week. 

1-12  days'  work  of  a  i 
0*75  days'  work  of  a  I 

The  fuel  consumed  in  burn 
per  1,000  bricks. 

The  following  are  characteri; 

To  be  regular  in  sliape,  wit 
right-angled  edges. 

To  give  a  clear  ringing  sounc 

When  broken,  to  show  a  coi 
somewhat  glas^,  and  free  from 

Not  to  absorb  more  than  ab 
water. 

Brides  which  answer  the  ])re 
in  a  bydranlic  press,  should  ivq 
inch  to  crush  them,  agreeably 
bricks,"  as  stated  in  the  table  a 
will  sometimes  bear  considcml 


BRICKS — ABTWICIAL  STONES — VD£E  XSV  CEMENT   STOXES. 

The   expansion  of  bricks  by  beat,  in  rising  from  32^  to  212' 
Pahr.  is  as  tbllowB,  according  to  Mr.  Adie : — 

Common  brick, '00355 

Fire  1>rick, '0005. 


221.  CoMyrwJ  Bricka  are  made  by  drying  the  clay,  grinding 
it  to  a^  fine  powder,  putting  it  into  monlda  of  proper  shapes,  sub- 
jecting it  to  a  pressure  of  about  5  tons  on  the  square  inch,  and 
Inking  the  bricka  in  a  pottery-oven.  The  bricks  so  made  have 
iknit  onc«  and  a-half  the  heaviness  of  ordinary  bricks,  and  coa- 
greater  strougth.  They  shrink  very  little  in  baking. 
-  oihrr  ArUaclal  Snnit^ — Artificia.1  san<lstones,  closely  re- 
embling  natural  sandstone  in  appearance,  strength,  and  dunibility, 
•re  made  by  cementing  clean  sharp  sand  together  vnt\i  silicat^^  of 
potash  (Kulilmann'e  process),  or  silicate  of  lime  (Ransome'a  process). 

In  the  latter  case,  clean  sharp  sand  is  made  into  a  paste  -n-itu 
lilicate  of  soda,  and  moulded  into  bhicks,  which  are  immersed  in 
kaolution  of  chloride  of  calcium ;  the  latter  substance  penetrates  the 
▼tolp  block,  producing  silicate  of  lime,  which  cements  the  sand 
togfther,  and  chloride  fif  sodium,  which  gradually  escapes  in  aolation. 

(As  to  Ccmente,  see  p.  373.) 


SecTIOW  III— 0/  Cementing  Materials. 

i23,  JkmmtfuH  of  Iilni«aioae*  and  Cement  8t«mca. — StonC9  con- 
fining carbonate  of  lime  iu  combination  and  mixture  with  other 
(■iaemls  are  the  most  abundant  and  useful  source  of  the  cementing 

Biterials  used  in   mnsoniy.     The   following   are   their  principal 

mutituents,  with  their  chemical  equivalents: — 

Carbonic  Acid  (see  p.  353), 44 

Lime  (see  p.  352), 56 

Carb<jnat€  of  Lime,  44  -J-  56  = 100 

Magnesia  (see  p.  353), 40 

Carbonate  of  Magnesia,  44  4.  40     =  84 

Silica  (see  p.  352), 60 

Alumina  (see  p.  352), io2-S 

Protoxide  of  iron  (see  p.  353),.. 72 

Peroxide  of  iron  (iron.  112  -j-  oxygen  48),  160 
Water                   (hydrogen  a  -j-  oxygen  16),    18 

It  would  be  out  of  place  in  this  work  to  enter  into  details  of 
cbemjral  processes;  nevertheless,  it  may  be  useful  to  give  tho 
Allowing  diiiectious  for  determining  roughly  the  prujiortiona 
<rf  iliosc  constituents  of  limestone  which  aio  of  the  greatest 
J»nrtiiaJ  importance. 


368  KMTRt.%15   ATtn  STRVCrTRES. 

I.  Wpigh  a  Bpecitncn  cappfally ;  calcinp  it  in  a  crticiMf,  on 
wciijli  it  apiJQ ;  tlie  \om  of  weight  shows  thy  qimntlty  of  cntbon 
ivciti  litxl  ii^tt^r  togi-tlier  in  the  specitiifn  ;  Imt  if  it  luiH  hirn  wn 
ilriod  jirnrioiLsly,  at  a  temperature  not  siitRcient  to  c'X|x."l  nirlmnii 
acid  (which  requires  a  bright  red  heat),  the  water  rcraainuig  may  U 
m^luctcd,  and  thf<  whole  loss  oonsidettid  as  carbonic  acid. 

I L   Weigh  another  apecimen  of  from  30  io  80  gntius ;  rechice  it: 

tto  impalpable  powder  ia  a  mortar,  mix  it  with  three  times  iu 
weight  of  caustic  jwtash  or  so<]a,  nud  iieat  it  to  redness  in  u  »ihcr 
crucible,  dL^soIve  the  whole  in  slightly  diluted  muriatic  acid:  tlio 
rapidity  of  solution  may  Im;  increas€Kl  by  heating  the  dilut<xl  acid  to 
near  the  Vwiling  point  of  water.  Evaporate  the  solution,  taking 
care  to  stir  it  contintudly  towards  the  end  of  the  iirocesa,  until  it 
leconieB  thick  and  pajsty :  thia  shows  that  the  silica  Imn  couyu!i»U'dj 
mix  till'  pfwte  with  eight  or  ten  timed  its  volume  of  boiling  wat^r:— 
thi.%  will  di*.-<olve  every  con^jtituent  excef»t  the  silica: — filter  tin 
Rcjhition,  witshing  the  jireeijiitnti?  well  with  water,  taking  cju^;  to 
preserve  all  the  water  bo  \\m^\  along  with  the  original  li(juor;  ilrr 
and  calciue  the  procipitjite  h-ft  on  thf  filter;  weigh  it: — this  will 
give  the  quantity  of  silica  in  the  s[)ecimen. 

III.  To  the  liquor  ndd  water  of  ammonia  in  excoas;  to  pre- 
cipitate the  iifumiiui,  the  uxitfjf  o/iron^  and  jmrt  i>/tlte  /a<i<riieavt. 

Then  arid  lime-water  by  degi-eea  as  long  an  a  precipitatAj  fall* 
That  ju*ccipitate  is  the  remninder  of  Om  inrvfrusniit,  W.s.sh  the 
whole  precipitate;  dry  it;  ailcine  it;  weigh  it.  To  the  w<iglil 
thus  found  add  the  weight  of  the  silu'a  found  by  n|)eration  II,  uuti 
that  of  the  carbonic  acid  a&  calculated  frr>m  the  result  uf  oiM^mtiou 
I;  subtract  the  sum  from  the  whole  weight  of  the  specimen ;  th« 
ifimainder  will  bo  the  lifne. 

IV.  From  the  total  carbonic  acid  found  by  piv>ccs8  I,  (and 
retluced  to  the  wi-ight  of  the  second  specimen)  .subtract  the  weight 
of  limn  found  by  process  HI.  x  44  -?- 5(3 ;  the  i-emaiuder  will  bd 
the  (piiiutity  of  carbonic  acid  in  combination  with  magnesiu;  and 
that  remainder  x  40  _;- 44  will  give  the  quantity  of  }uugne»iaw 
vombiiwtion  tnilh  rnrbmiic  acid. 

V.  Siibtnict  the  ivHuU  of  process  IV.  from  that  of  pniceus  ITL; 
the  ix'f^ult  will  be  the  qnantity  of  aliirniun  and  ojcii/ji  nf'iron,  unJ  (if 
mtujurifia  conihinwi  with  silica,  if  any ;  but  in  fact,  »o  far  a»  lin>e- 
stones  are  known,  the  whole  of  the  magnesia  ia  in  the  6tat«of 
oarl^iuftte.  For  the  [iresent  purpose  it  ii<  unnecessary  to  sejiawto 
the  aliitnina  from  the  oxide  of  ii-on  (althongh  it  might  be  dune  by 
meaua  of  cunstic  i>otasli,  which  dis-solves  the  alumina  and  Icavia 
the  iron). 

The  most  important  result  of  the  analysis  is  the  proportion  nf 
carbonates  to  silicaioi  in  the  atoxv^     The  (\iuiDtity   of  c»rbonttlr« 
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ipproximat<!<I  to  in  rv  ivjugh  way  by  iimltiply'uig  the  total 
of  carbonic  acid,  as  found  by  tlie  tiret  j)roct\ss,   by  the 
ring  multipliers : — 

If  the  limestone  is  not  niaguesian, 2-3; 

if  there  is  one  equivali*nt  of  carbonate  of  mag- 
nesia for  each  eqiiivalent  of  carbonate  of  lime,  3  •  1 2  j 

id  tlie  truth  -will  almost  always  Ix;  between  tlioso  limits.     The 
indei"  of  the  stone  may  be  held  to  consist  wholly  or  almost 
lily  of  silicates. 

"he  8ul»siances  obtAined  by  calcining  different   limestones  and 
eat  stones  may  be  divided  into  tfit'  iollowing  four  classes; — 
Pura,  Hich,  or  Fai  Lim^,   produced  from  atoiiea   containing 
or  no  silicate,  which  "shiki-s"  by  absorbing,'  moisture,  ami 
g  been  made  into  a  paste  with  water,  hardens  slowly  in  air, 
md  not  at  all  under  water. 

IL  JJ]/dfaiUic  Limes,  produced  from  .stnne.s  containing  moderate 
<{tumtilie.<t  of  silicates  (from  10  to  ;?(J  per  cent.),  which  slake,  but 
I<«  mpidly  than  pure  lime,  and  harden  under  water  slowly.  These 
pue  by  insensible  gi-iwlationa  into 

HI.  Cements,  produced  fi-om  stones  contatnini*  from  40  to  GO  jier 
cent,  of  silicates,  which  do  not  slake,  and  which  hiinlen  ijuickly 
nnder  water. 

IV'.  PvZiol.anas,  which  contain  silicates  in  exces.s,  and  are  used 
lo  make  cement  by  mixing  tliem  with  ])ure  liuio. 

224.  Pare*  Rich,  or  Fat  Inline  is  made  by  calcining,  at  a  bright 
*id  heat  or  somewhat  higher,  limestone  that  conaists  wholly  or 
lost  wholly  of  carbonate  of  lime,  such  as  marble,  or  chalk. 
:h  limestone  loses  44  per  cent,  of  its  weight  by  buruicg,  and 
56  per  cent,  of  ita  weight  of  lime.  Of  tlVis,  about  one-eiglith 
'y  wasted. 
e  ojieration  of  lime-bnrning  is  performed  in  kila.s  of  two  sorts. 
the  more  common  kind,  the  kihi  is  circular  in  plan,  and  oval  in 
ertical  section,  the  diameter  at  the  bottom  being  a1x)ut  G-lOtlis 
the  greatest  diameter;  it  seldom  exceeds  10 or  12  feet  in  height, 
at  may  be  less;  it  is  filled  with  alternate  layera  of  limestone  and 
tiel,and  when  the  burning  is  ci>uiph;te.d  tkewholo  charge  i.s  removed, 
rhe  whole  operation  t^ikes  from  30  to  50  hours.  Another  sort  of 
din  is  cylindiical,  or  nearly  so,  with  its  axis  verticjd.  It  is  contin- 
■ously  fed  with  lime,stone  ut  the  top,  which  desci;nd.s,  and  is  calcined 
\ij  the  fiame  coming  from  a  furnace  at  one  side  of  thi^  kiln,  and  readies 
Ihe  bottom  completely  burnt,  whence  it  is  gradually  removed. 

The  weight  of  the  coal  con»uiiicd  is  from  l-5th  to  1-Gth  cf  tliat  of 
the  lime  hui-ned. 
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227.  Anifleiai  CenteHi  ia  made  by  takbig  either  grotuid  chalk  i 
Bliikc'f.1  piiro  lirnL',  and  blue  clay,  v.i  the  proiKn-tiona  that  wUI  gi 
tlie  flieuiicul  composition  atated  in  the  preceding  article,  thorougli 
tnixiug  those  ingredieiits  into  a  paste  witli  water  in  a  pug-nti 
making  the  jmste  into  bulla  of  2  or  3  inches  in  diameter,  drrii 
tln>«o  bnlia,  calcining  theui,  and  grinding  tlicm  to  powder.  It; 
equtil,  il"  not  Buperior^  to  any  natuml  cement 

228.  P«s«*laiuui  ai-e  nnxtuve>i  analogouR  to  cements,  hut  coa 
tuining  an  exces.s  of  silicates  and  a  deficiency  of  lime,  so  that  tbi'J 
muftt  bo  mixed  with  |«nre  lime  in  order  to  make  eeuifut,  at 
hydi-aulic  lime,  according  to  the  proportions^  Amongst  the  hf>t 
of  tln'jio  are  iron  scale  and  mitie-diist,  which  consist  of  sdicutisof 
Dliiiniua  and  iron.  If  mixed  with  linif,  so  as  to  give  thi?  mwitip 
a  gniy  colour,  they  produce  cement  of  extraordinary  hardness  and 
teuacity,  which  is  probably  u  treble  silicate  of  lime,  aliiuiiiiu,  aiiji 
iron. 

Ad  ordinary  pn>itortion  of  such  materiald  is  about  one  part  (by 
volume)  to  two  jMirts  of  hydraulic  lime,  mi-astiretl  in  the  dry  state; 
but  the  best  way  to  fix  the  i)roj)ortions  is  by  trial. 

Ai-tilknal  ]Hizzolana   may   be   made  by  grinding  bricks,  or  ly 
burning  good  brick -clay  and  grinding  it;  in  short,  by  any  ]ii 
which  yields  u  dry  powder  of  silicate  of  alumina,  or  comj 
8ilic?(te  of  alumina  and  irun. 

-29.  niartar,  Canmoa  nod  iir<iriiiiii«. — ISfortar  \s  made  by  mix 
ing  lime  and  sand  with  enough  of  water  to  fonn  thetn  into  a  fcemi' 
fluid  juustf,  in  which  state  it  in  used  bk  a  binding  material  in 
masonry  and  brickwork. 

Comvum  Morlar,  being  made  with  i)Uiv  lime,  hardeni*  slowlj 
l»y  the  evafioratioii  r»f  the  water,  and  by  the  absorption  of  cailionic 
acid  from  the  utniuHpliere,  forming  crvAtalline  carbonate  of  lime. 
If  the  water  evajxirateH  too  fast,  the  mortar  falls  to  powder;  if  it 
does  not  eva])orate,  the  mortur  remains  always  soft.  Very  slow 
evaporation  '"f  the  water  i.s  therefore  favourable  to  the  iiltiniato 
hardness  of  the  mortar. 

Hi/tirnidic  Mortar,  l>elng  made  with  hydraidic  lime,  lijm]«ns 
partly  by  the  fonnation  and  ei-ystallization  of  earlxinate  of  lime, M 
alxtvo  stated,  but  ]irinci|>ally  by  the  formation  and  crystallimtion 
of  a  complex  .silicate  of  lime,  alumin.i,  and  other  liaEes.  (See 
Article  22.5,  ]..  ^71.) 

Common    mortar   may   l)o   made    hydraulic   by    a   mixture 
pozzokna.     (Article  228,  alH>ve.) 

The  sand  em]>lnyed  should  Iw  clean,  sharp,  and  rather  coans 
I  than  line.  In  order  t.o  render  sand  which  is  naturally  mixed  with 
I  clay  fit  for  u.se  in  making  moiiar,  it  8liouh|tbe  wjished  by  stirring 
^     it  amongst  water,  a  8Vi^\t  cuttctvV  o^  Vti^Jsv  ^^\  caxv^  away  the 
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y  m  OTispcnbion,  and  leave  tlie  sand.  Good  sand  for  morUir  is 
tained  bj  crushing  soft  siindstone.  Sea-sand  sluuild  be  washeii 
fresh  water;  otherwise  the  salta  contained  in  it  will  kcop  the 
r  always  moist. 
In  hydraulic  as  well  as  in  comrnnn  mortar  the  sand  remains  in  n 
late  merely  of  mechanical  mixture,  so  that  the  niortiir,  wlien 
.nlened,  becomes  a  sort  of  artificial  sandstone,  consisting  of 
pains  of  sand  imbedded  in  a  matrix  of  carbonate  of  lime,  or  of 
jnlicate  of  lime  and  other  bases,  as  the  case  may  bo.  The  uses  of 
ike  mixture  of  sand  with  the  lime  are  as  frJlows: — 

To  save  expense,  by  diminishing  the  bulk  of  the  lime,  which  is 
'■fte  more  costly  material,  required  to  till  a  given  joint  in  the 
nasonry. 

To  increase  the  resistance  of  the  mortar  to  crushing. 

To  lessen  the  amount  of  shrinking,  and  the  consequent  tendency 
lo  crack,  during  the  drying  of  the  mortar. 

But,  at  tlie  same  time,  the  mixture  of  sand  diminishes  tho 
tenacity  of  tlic  moi-tar ;  an<l  if  too  much  be  used,  the  nuirtar  will 
bwome  brittle,  and  fall  to  powder  a.i  it  dries. 

The  proportion  of  sand  wladi  lime  will  "  bear,"  as  it  i.s  called^ 
vithout  making  the  n;nrtar  brittle,  i.s  the  greater  the  purer  the 
lime,  and  the  less  the  more  strongly  hydraulic  the  lime  is.  I'ho 
best  propoi-tious,  according  to  Vicut,  are — 

24  mi'asures  of  sand  to  1  of  pure  slaked  linio  in  paste; 
1'8  measui-es  of  sand  to  I  of  good  h_vdi-aulic  lime  in  paste; 

tikd  lime  of  intermediate  qualities  bears  iuteruietliate  proportions  of 
mnd. 

When  sand  and  pozzolana  are  mixed  with  pure  lime  to  mako 
hviiranlic  moHar,  the  si\nd  and  pozzolana  together  may  moasiu'o 
ftSoiu  twice  to  three  times  the  volvuue  of  tJie  iiniu  Infore  slaking. 

In  mixing  mortar,  however,  the  best  method  is,  to  ascertain 
thp  proper  proportions  in  each  case  by  trial. 

The  lahuitr  of  mixhuj  jtuiriar  by  th';  shovel  may  Le  cjtimated  at 
aliiiit 

J  of  a  day's  work  of  a  man  per  cubic  yard. 

A  two  fiorge  puy-mill  mixes  mortar  at  the  rate  of  from  20  to  25 
fiibic  yards  per  day. 

As  hydi-BtUic  mortar  tends  to  set,  or  harden,  even  in  the  wet  state, 
It  should  not  be  mixed  until  immediately  liefore  it  is  i-equired  for  use. 

230.  c»«tjcte  sad  Bc«*H. — Common  conci-ete  is  a  mixture  of 
iiifirtnr  with  gravel,  in  proportions  such  that  the  gravel  and  sand 
tcgelher  are  about  six  times  the  volume  of  the  lime.  It  may  be 
iniied  either  hy  ham]  or  hy  the  pug-tailL 
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Strong  ITydravlle  Ci/ncrcU',  to  wliieli  the  uhiuo  beton,  borrowed 
fi-om  the  French,  has  been  a])plicd,  u  made  by  tuixiug  nugolai 
I'raj^iUL'nts  of  stone  of  from  1^  to  2  inches  in  diameter,  -witli 
Lydmulic  toorttir  in  such  proportions,  that  the  mortar  la  a  little 
more  than  enough  to  fill  tho  s]uices  between  the  stoues : — a  proj«r' 
tion  which  i&  easily  found  by  triiil  in  lueh  cu«e.  It  may,  howevei^ 
be  estimated  us  varying  from 

1  volume  of  stones  and  1  volume  of  mortar,  to 

2  volumes  of  stones  and  1  volunie  of  mortar. 

Concrete  and  beton,  when  mixed,  occupy  at  first  from  two-tlurdl 
to  threc-fonrtha  of  the  total  volume  of  their  materials  beforo  mixing 
and  when  hud  and  rammed,  they  undergo  a  further  settlement  a 
about  one-sixth;  so  that  the  tinal  volimie  of  concrete  and  butx>i 
varies  from 

g  to  j^  of  the  vulume  of  the  materials  when  unimxaiL 

When  rounded  Htoucs  only  can  be  obtained,  such  as  flints  from 
the  chidk  strata,  they  may  be  made  fit  for  the  coraix^sitioii  of  betoi 
by  breaking  them  with  the  hammer  into  angular  pieces.   (Sea  ]»,  430.) 

231.  Jflizcd  Cemern.— Cement  which  i.s  to  dry  and  .set  when  fidli 
exposed  to  tho  air,  as  at  the  outer  alges  of  joints,  or  on  the  face  0 

wall,  should  bo  mixed  with  sand,  to  prevent  unequal  drying,  and 

nacquent  Bhrinkiug  and  cracking.     The  proportions  vary  from 


I  measure  of  aind  und  2  of  cement,  to 
1  meaaure  of  sand  and  1  of  cement 


Every  mixture  of  i^nd  dimiia.she.s  tlio  tenacity  of  cement;  ao  mnd 
Bo  that  a  mixture  of  c<{ual  \)nvts  of  Baud  and  cement  has  only  ono 
fourth  part  of  the  tenacity  of  pui-e  cement.  Where  the  surface  o| 
tlio  cement,  therefore,  is  not  exirosed  to  the  air,  the  otJy  advantage 
of  a  mixture  of  s.iud  is  the  saving  of  expense;  and  whore  grwt 
tenacity  is  requiix-d,  pure  cement  shoidd  be  used. 
I  232.    Sirraiili   of  Klerfmr,  Cenciil*  C«iicr«i«,  and  BctCM. — ^To  tbfl 

^^1  (Lata  given  in  the  tablfs  in  tjje  appendix,  the  following  results  of 
^^■crpeiiment  may  bo  added  : 


A  Yeak  and  a-half  Artm  Mixture:      ,  ,Sf*'"Tl.''"''7  . 
Mortar  of  Lime  and  River-Sand, 440 

„  „  „  lj«aten 600 

Mortar  of  Lime  and  Pit-Sand, ,. 580 

„  „  .,         beaten, 800 

Hydraulic  Mortar,of  lime  and  pounded  tilea, 680 

„  „  ,.  beaten,  930 

Beton,  or  concrete,  of  m«>r\a.x  myA.  \«qVbw.  fliata,  420 
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SrrTEinr  Teahs  after  Mixtuhe,  the  increase  of  strengtli  ia  in  tho 
tfallowiog  profiortions : — 

For  common  moi*tar, i-8tli 

For  hydraulic  mortar, i-4th. 

(The  above  results  arc  given  on  the  authority  of  Rondolet.) 

One  Yelvb  attee  Mxxtuke.  J^SSLI" i2L 

Good  hydraulic  lime 170 

Ordinary  hydi-aulic  lime  <  .        * 

Kich  lime,  40 

Go<5d  hydraulic  mortal- 140 

OrdiuATV  hydraulic  mortar,  , 85 

Good  common  mortar, 50 

Bad  common  mortar,.. ao 

(Tlie  above  are  from  Vicat) 

Six  Months  after  Mixture. 
Adhesion  of  common  mortar  to  compact  lime- 

stone, 15 

Adhesion  of  common  mortar  to  brick,  33 

(The  above  ai-c  from  Rondelct.) 

Cement  from  Cljalk  Lime  and  Blue  Clay,  a  few 

days  after  mixture  (Sir  C.  "W.  Pasley), 125 

Portland  Cement  (fi-om  comjiact  limestone  and 

clay)  30  to  50  days  after  mixture, 1200  to  1550 

333.   drpMiM — Pimrtcr  of  Paris. — Gvpsum   13  a  compound    of 
nipbate  of  lime  with  water,  in  the  following  proportions : — 

One  equivalent  of  sulphuric  acid  (sulphur  32  + 

oxygen  48)=: 80 

One  equivalent  of  lime 56 

Two  equivalents  of  water, 36 

17a 

It  is  found  stratified,  and  in  various  conditions,  crystalline, 
kminated,  granular,  and  earthy.  It  is  translucent,  usnally  white 
or  gray,  has  a  pearly  lustre,  and  can  be  easily  scratched  with  a 
toife,  iM-'ing  intermediate  in  hardness  between  rock-salt  and  cal- 
ttreous  spar. 

Bjr  calciaiog  gypsum  the  water  is  expelled,  asxd  it  \3W0Tnfta  ♦ 
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dry  white  powder  of  sulphate  of  lime,  known  as  "Plaster  oj'Pi 
"Wheu  this  jjowder  is  i-apidly  mixed  with  water,  so  as  to  I'Uiu 
paste,  it  immtHliatvly  begias  to  combine  with  ftfirt  of  the  water, 
as  to  reproduce  gypsum  in  a  compact  graimlar  stiite ;  heat  is  at  tit 
same  time  developed,  which  liastens  the  eva|x>nition  of  the  snpel 
fliiouR  water.  The  mixture  should  be  nuide  by  putting  the  jiowJi 
into  the  water,  not  the  water  amongst  the  powder.  The  |>roinirli< 
of  water  uwd  varies  aceortling  to  the  pnqwMC  to  which  the  pla»ti 
is  to  be  applied  j  on  an  average  it  is  about  equal  ia  bulk  to  tin 
powder. 

The  tenacity  of  plaster,  after  it  has  "  Bct,"  or  hardened,  accottlili 
to  Rondelet,  in  about  70  lbs.  jwr  wpiai-o  inch. 

2'i\.    Bllnminona  Cemenl  nnd  Coocrrtis— A  bituminous  COmont 
a  mixture  of  a  pitchy  or  bitiiutiuouu  substance   with  an  Mrt]l| 
aubstiince. 

Por  example,  Jsfihnltlc  Mastic  is  made  by  mixing  BUumm, 
mineral  tar,  obtained  from  bituruinuns  shale  or  sandstone,  with  tbi 
powder  of  bituuiiuons  limestune  or  atphalt: — a  mineral  which  con 
sists  of  carbonate  of  lime,  containing  in  its  jhuvs  fivm  3  to  15  f 
cent,  of  bitumen. 

The    asphalt    may    either  be  broken  into   sm.ill   fm<;mont« 
}^juud    to   powder.     It  is  then  combined  with   the  bi 
heating  the  latter  in  an  iron  boiler,  and  adding   the  ;i 
uegreeH,  taking  care  to  mix  the  ingiedlents  well.     The  prujAJiUu 
vary  with  the  composition  of  the   asphalt,    less   bitumt-u 
required  for  that  asphalt  which   contains  much    bitumen, 
average  projHjitiun  may  be  estimated  at  about  1  jiart  by  uii 
bitumen  to  7  or  t<  of  asphalt. 

Artificial  aaphaltic  ma.stic  may  be  made  by  substituting  cool 
or  a  solution  of  ])itch  in  pitch-oil,  for  bitumen,  and  adtling  to 
linely  ground  limestone  till  a  proper  consistency  la  atttijiiiil 

A  mastic  composed  of  coal-ti»r  and  finely  ground  i 

proportions  which  have  never  been  exactly  detcrminwl,  i 

are  adjusted  by  trial  until  the  mixture  when  c<>ol  is  jmtt 
enough  to  yield  visibly  to  the  jH-essure  of  the  nail,  nnd  no  Diort 
lias  been  found  exceedingly  useful  to  make  tight  joints  tQ  pif* 
especially  those  traver-seil  by  strong  acids,  which  would  act  n]ioa< 
mastic  containing  limestone. 

i-1  bituminous  or  aaphaltic  mortar,  as  it  may  bo  called,  is  modf  i* 
adding  to  the  before-mentioned  mixture  of  bitumen  and  jkii»i1»tv< 
asphalt,  about  a  thirty-iifth  of  its  bulk  of  resin  oil,  and  throe  tiftbl 
of  its  bulk  of  sand. 

1 1  Measuivs  of  this  mixtm-e,  with  9  of  brnk<ii 
rt! bituminovs  conrrdt\  suited  lor  eo"«Ting  the  ^ 
for  buiUling  uudev  viuier. 
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Ordinorr  FonndaiioBa  Dpflnrd  nad  Cttimmcd,— The  Jlntndatton 
k  of  Tiiu-soniy  on  luntl   consists,  in  the  first  place,  of  an 
ation  in  the  ground,  and  secondly,  if  refjuired,  of  a  stnicture 
tlje  bottom  of  that  excavation,   suitetl  to   fonn   a   firm   base 
the  imiiioniT.     The  foundations  to  which  this  section  relates 
^   those    in   which   eith«*r  nn    excavation    aloTio   is  required,    or 
&  excavation  i»artially  filled  with  sand,  stones,  concrete,  or  beton. 
Oundationx  of  a  more  difficult  character,  and  i-cqiiiring  more  corn- 
ex  works  to  render  them  secure,  will  be  treated  of  in  u  later 
Iftpter. 
Ordinary  foundations  are  ranged  under  three  classes,  vi?. : — 

I.  FouTulalions  in  Rock,  or  material  whose  stabilitv-  is  not 
Bpaired  by  saturation  with  water. 

n.  Fou/ulaiions  injirm  earth,  sxich  as  sand,  gravel,  and  hard  clay, 

ILL  Fouiidationa  in  sojl  earth. 

The  base  of  every  foundation  should  be  as  nearly  as  possible  per- 
endicular  to  the  direction  of  the  pressure  which  it  is  to  Rustoiu, 
bd  of  sufficient  area  to  bear  that  pressure  with  sifety.  The  area 
lincrcfised  to  any  required  extent  by  making  the  lowest  courses  of 
■aoDiy  or  brickwork  in  ttie  building  sprwiil  out  by  a  scries  nf 
eps;  by  supporting  them  on  a  sufliciently  broad  layer  of  concrete 
rteton  ;  by  making  inverted  arehes  under  ojxiningsj  and  by  other 
llitrivances.  The  cr.ntre  fj/*r«W!'«/a7K»  of  the  foundation  of  a  piece  of 
tsonry  (or  point  tniversed  by  the  resultant  of  the  pressure), 
bould  not  deviate  fmin  the  ccntn;'  of  gravity  of  its  figui-e  beyond 
Vtain  limits,  winch  will  be  afterwards  specified  in  particular 
Be& 

2^0.  Bock  Foundniioaa.— To  prepare  a  rock  foundation  for  lieing 
lilt  njKtu,  the  following  are  in  general  all  the  operations  that  are 
Ijuirt'd : — 
J.  To  cut  away  all  loose  and  decayed  parts  of  the  rock. 

II.  To  cut  and  dress  the  rock  to  a  plane  Kurface,  or  to  a.  5u?t  of 
ane  surfaces  like  those  of  steps,  jtcrpendicular,  or  nearly  pcrjjen- 
cular,  to  the  pressui-e  to  be  sustained. 

III.  To  fill,  if  neccssaiy,  hollows  in  rock  with  beton,  or  with 
ibble  masonry. 

IV.  In  some  cases  it  is  advisftble,  in  order  to  distribute  the 
that  the  rock  shoidd  be  covered  with  a  layer  of  beton, 

thickncs.*!,  in  diffex-ent  examples,  ranges  from  a  few  inches  to 
fpet  and  upwards. 

The  intensity  of  the  pi-essure  on  a  rook  foundation  should  at  no 
nt  exceed  one-eightb  of  the  pressure  which  ^ould  ctMsAi  \<\vQ  T<y^ 
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(Seo  Article  215,  p.  36.)      The  following  ave  examples  of  Um 
actual   intensity  of  the   pressure  on  Bome  ezistiiig  rock  found* 
Rtious : — 
^^K  rrcttun  In  Ifah 

^^H  oo  ibo  on  Um 

^^H  Sqnure  Fool    Sqniin  Ivtk. 

^^M  Avenge  of  ordinary  cases,  the  i-ock 
^H  being  at   least   as   strong  as  tlie 

^H  atrougcst  rod  bricks, 20^000 

^H  Preesuros  at  tbo  base  of  St.  EoUox 
^^m  Ohimney  (450  feet  below  the  8um- 

^H  mit)  :— 

^^^^  On  a  layer  of  strong  concrete  or 

^^^^K  betoa,  0  feet  deep, 6)^70 

^^^^1  On  Baudstoue  below  the  1>cton,  so 
^^^^^  8oft  that  it  crumbles  in  the 
^^P  band,.,.. 4,000 

r  Tl 


140 


a6 


28 


The  last  example  shows  the  pressure  which  is  safely  boms  is 
pmotice  by  one  of  the  weakest  substances  to  which  the  noma  of 
rock  can  be  applied. 

The  proper  nile  for  limiting  thf  dovintion  of  the  centre  rf 
resistance  of  a  rock  foundation  from  the  centre  of  gravity  of  iti 
figure  ia,  that  there  aliould  be  710  tension  at  any  jxrint  of  tfu  btue. 
The  following  is  the  formula  for  calculating  the  greatest  volue  of 
the  doviation  in  question  which  is  consistent  with  that  limi- 
tation : — * 

Let  A  denote  the  area  of  the  Imse ; 

y  the  distance  from  the  ceuti"o  of  gi-avity  of  the  figure  of  the  ham 
to  the  edge  fui-thest  from  the  centre  of  resistance ; 

h  the  total  breadth  of  the  base  in  the  same  direction ; 

I  the  moment  of  inertia  of  that  figure,  computed  as  for  the  croifr 
section  of  a  beam  relatively  to  a  neutral  axis  traversing  the  centre 
of  gmvity  at  right  angles  to  the  direction  of  the  deviation  to  be 
found.  "(See  Article  163,  pp.  253-254,  and  Article  17^,  pp. 
294,295.) 

8  the  deviation  to  be  found  ; 

then 


I  , 

Ay 


• 


.(1.) 


in  which  expression,  q  has  the  same  meaning  as  in  Article  179,  Jtp- 
I        294,  296,  where  a  table  of  its  values  for  various  figiu^s  is  given. 

1  3« 


S«e  Applitd  J/*J«mia,  ATtk\e  »4,  ^  14, 11  -,  fc*lJ3*^^^,'«.  4*8, 228. 
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only  assumption  involved  in  tliis  equation  is,  that  tlie  prcasuie 
jl  the  foundation  is  on  wiiformly  varying  stress. 
I  237.  Theorr  wrEiu-ih  FoundnUona.  {A.  M,,  199.) — lu  earth  whose 
^aion  ia  alone  to  be  relied  on  for  resistance  to  displacement  by  the 
■■tare  of  a  building,  the  weight  of  earth  dis]}Iaced  by  the 
^m&tiOQ  should  not  bear  a  less  ratio  to  the  weight  of  the  build- 
Ig  than  that  given  by  the  following  equations,  in  each  of  which 

^^L  X  represents  the  depth  of  the  foundation  ; 

^^P  to  the  weight  of  a  cubic  foot  of  the  earth ; 

°  <t  its  angle  of  repose. 

Case  I.  Let  the  weight  of  the  building  bo  uniformly  distributed 
fer  its  base,  and  let^Q  be  the  intensity  of  the  pressure  produced 
f  it     Then 

^^^a^^y (1.) 

Pf)   —  M  +  Bin  «!/  ' 

IL  When  the  weight  of  the  building  is  so  distributed  that 

is  an  uniformly  vai-jnng  pressure  on  the  foundation,  as  as- 

"  in  Article  236,  let  p^  be  the  greatest,  ;>,  t^^  least,  and  p^  the 

in  intensity  of  that  pressure ;  then  the  two  following  conditions 

be  fulfilled  :— 


wx         (\  —  sin  «i\* 

Ti  —  Vnr'fiiH^y  * ^^-^ 


tear 


li 


(3.) 


Whence  are  deduced  the  following  restrictions  as  to  the  extent 
\  variation  of  the  intensity  of  the  pressure  on  the  base,  and  the 
pviatiou  of  its  centre  of  resistance  from  the  centre  of  gravity  of 

g,^/I+sin^y  (4.) 

p^  —  M  —  sm  9/  '  ^    ' 

l^qk.Po^^M, (5.) 

When  the  figure  of  the  foundation,  as  is  usually  the  case,  13 
imetrical  about  its  neutral  axis,  we  have 


bd  consequently, 

to  X  . 


(1  —  ain  ^f 
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I  —  q  h 


.Pi—Pi^ 


^i+/>2 


=  qh 


'2  sin  9 
1  -f- Jiiu*  p' 


Tho  fuUowing  table  gives  some  examples  of  the  valoi 
fuiii:tious  of  tliL'  angle  of  repose   vrliicli  occur  in    the 
fitrmiilte  :-^ 


(2) 
1  +  sin  ^ 
1  —  sia  J" 

1  —  sin  © 
1  +  sia  * 
'1  +  sin  ff\- 


20" 


30" 


35" 

3090 


40 

4j» 


0-27I 


onsi 


1700   2*039  2*464  3003 

o-jS3   0-450  0406  0333 

/I  +  sin  ff\-      _  ,  ,  .  ^  , 

{:; -. )         2SOO      4     '59  6070  0*000  I3OI9  2X'I 

\1  —  siu  «/ 

/I— 8in«N=  ,  , 

I-—-, —  )     0-346  0-240  OJ05  o  •'*       0073       o^ 

2'.''>7!)  3o35  5'o°o       7'3fo     ii-o7<i 

o\}y7  0-233  0-20D 


1  +  sing  ID 
(1  —  sin  ^)- 
(1  —  sin  g)" 

1  +  ain2  9 


>  •943 


;i4 


o"i37       0*090 


Hill    0 


—        0-436   o-6ia   0-717    0800       0-863       o'jji 


1  +  sin-  <P 

23$.   Vounilnlion*  in  Firm    Earib. — Wticn  A  fouutlntion 

made  ill  such  eartli  as  hanl  clay,  clean  cIit  <m\  »•!,  ur  clt*:t:i  slia 
- — that  is  to  siiy,  in  <"iittli  which  has  consitlcjuble  fricl i<>ii;il  1 
and  is  not  liable  t<j  have  that  stability  iliniinishod  by  li 
saturated  with  water, — it  is  iiiix'ly  uccessary  to  ap]ily  tho  p 
of  the  preceding  article;  beomse  tiie  df]>th  ti»  which  tlio  f»H 
must  be  sunk,  in  oi-doi*  that  the  bnihling  may  i-^st  on  car 
the  i-cach  of  the  disintefji-ating  eflects  of  l'i'«>8t  and  dronsht,  i 
always  greater  than  those  ]>nuci|)los  require.  Tn  BriM 
depth  shoidd  be  at  least  3  feet  for  sand  aiwl  4  feet  for  c 
continental  regions,  whei-e  the  climate  has  gi^eater  extrcm 
and  cold,  a  greater  depth  is  necessary.  For  example,  in  Gi 
apiicai-s  tliat  the  ilepths  of  ordinarj'  foundatioaa  »re  fnwi 
feet,  and  in  Noi-th  America  from  4  to  6  feet, 

Caiv  should  bo  taken  to  divert  surface- wat<T,  wM  ' 
run  into  the  foundation,  by  means  of  catrhwat<T  '! 

'  '  ■  189,  f».  334);  and.  if  tuvessar^ ,  uia. 
bottom  of  the  foundatiou. 
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t  tmally  from  2,600  to  3,500  lbs.  per  squaro  foot,  or  from  1 7 
23  lbs.  pt-r  square  iiidi. 

tixing  the  " eintad"  or  additioual  brtsadth  given  to  thfl  "  foot 
'  or  fouudutiou  courses  of  the  masonry  or  brickwork  of  ordJuarj 
ills,  the  usual  i-ule  is  to  make  the  breadth  of  the  btiae  otioe-and-^ 
K-liiilf  tlie  thickness  of  the  body  of  the  wall  iu  compact  gravel,  undj 
ivi'iCM  that  thickness  iu  saud  and  stifl'clay. 

239.  In  FMindaU***  •■  Soft  Ksrth  can.*  must  l^e  taken  that  tliM 
pth  of  the  foundation  is  not  less,  as  com|ittred  with  the  pressure  o| 
buildings,  and  the  di'viatiou  of  the  centre  of  i-esistance  no| 
Iter,  as  com  pared  with  the  bi-eadth  of  base,  than  the  limits  giveq 
the  furmuliK  of  Article  237.  Those  objects  are  promoted  byj 
tins;  the  breadth  of  the  base  of  the  masonry  as  great  us  ia 
icticable,  so  as  at  once  to  distribiite  its  weight  over  a  larg* 
irface,  and  to  inciTase  the  breadth  as  comjuired  with  the  doviatiom 
'  the  centre  of  resistance  from  the  centi*  of  gravity  of  the  l«s,.\ 
If  pract icfible,  the  ground  should  be  well  drnined  before  xXm 
•lig?ing  iif  the  foundation  is  commenced,  in  order  to  inon.<asf  its< 
tintmess  (»»  f;,i-  IIS  possililf.  \ 

Pnris«'ly  :t3  in  the  a\s«?  of  rh   endmnkmcnt  on   soft    gronna 
tick-  204,  ]).  SI."]),  u  trench  nmy  be  dug  and  hllc.l  with  a  stablr 
•lerial,  such  as  ^md  or  coiiCrfte,  in  urdir  to  distribut*'  the  pre 
iw,  and  convey  it  ti>  n   sufficiently   low  .stratum   of  the  siofto: 
DMtcrial.     Tu  liud  the  pi-oiwr  depth  for  the  trench — 

L<*t  /»j  be   the  greatest  intensity  of  pressure    of   the    intendo< 
bnilding  on  it«  Iwse,  in  lbs.  per  square  foot.     Iu  calculating  th" 
lutity,  if  the  treucjj  i»  to  bo  tilled  with  sand,  the  area  over  whi 
'  Weight  of  the  buUding  is  distributed  should  bo  tjiken  as  simpl; 
•J^  to  the  an-a  of  the  lowe^  course  of  foundation  at^ujcs.     But 
WW  trvncb  is  to  lie  filled  with  bet«in,  the  weigjit  may  be  conside 
fa*  in  an  example  given  in  p.  378)  to  be  dif-triliuted  over  the  whol 
'  if  the  layer  of  be  ton,  piMvided  the  edges  of  that  hiyer  do  xt 
t   Wyond  the  edges  of  the  foundation  stones  to  u  distan 
t.ymr  than  the  depth  of  the  layer  of  beton. 

Let  w  Ijc  the  weight   in  Ibn.  "of  a  cubic  foot  of  the  notorial  wi 
vhiclj    the  tixnch  ia  to  be  filled  ;  Ix'ing  about  90  lbs.  for  sand  ai 
iJ<)  loi-  strong  concrete  or  beton — 
w^,  the  weyijt  of  a  cubic  foot  of  the  soft  earth; 
9,  lUt  aiigla  „f  rcjx»..?e; 

'^^   '^*  TT^^'  =  ^';  (<*'«•  >'^"«8  of  ^'  "»<!  of  A^.  aeo  p.  380)f 
and  tic  rnjoired  depUi  of  the  tt«uch  =  a/ J  then 


\l.\ 
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The  ■Bterul  for  flKa^  cbe  lumh  ihoaJd  be  Uid  and  mmmed 
Ibjcis  of  aLont  a  Ibot  deefk.     If  ooocrefce  is  tued,  the  effect 

■ni^  mmj  he  pgadiieed  far  tluwing  it  down  from  a  acaffoldiq 
«t  lent  tea  feet  l^gjL 

If  tbe  tnaidi  ii  fiOed  with  MBd,  tike  boOdiiig  maj  be  fiMnded  01 
the  kjcr  of  naid  as  on  •  iMtoml  Moad  fooiMbtion. 

If  Uk  treakdi  »  filled  with  conaett,  the  building  ia  to  b«  bniM 
tbe  vfper  mfeee  ef  tliat  lajcr  ■§  aaon  »  it  is  «rt,  < 
[lakai  that  tbe  intaeaitT  of  the  jiiiaaiiiii  on  the  mncre. 

rime  exceed  ooa-affiA.  part  of  ita  leaistaace  to  cnuiuug;  liut, 
'toaqr>afaoat 


£3,300 


6 


=  C,MO  Iba.  oo  the  aqoars  foot,  or 


370 
8 


=■  40  Iba.  OD  the  aqaara  indL 


In  boDdinga  which  oontain  a  ntimher  of  opeiuqg^  auoh  ■• 
windows,  doorways,  kc,  the  distribution  of  the  load  oti 
foundation  orer  an  increased  area  maj  be  cficctcd  by  mfana  of 
inverted  arches  onder  the  openings,  provided  those  azclies  ore  vert 
accurately  buUt. 

The  more  (lifScnlt  cLus  of  foundationa  in  aoft  ground,  which 
reqoiro  the  use  of  timber  or  iron  to  make  them  aaie,  will  bo  tnaitel 
of  in  a  lAt4^r  chapter. 

When,  by  trial-pits  and  borings,  it  is  shown  that  a  mfi  •froAM 
a  firm  one,  equation   1   ahonld  bo  applicHl  in    onlw  to 
line  vrheihcr  the  depth  {x)  of  the  firm  stratum  is  tiuiricii>ut 
make  the  foundntioQ  safe.     When  the  firtn  stratum  conHiHts  ^ 
and  rock,  the  intensity  p.  of  the  jaeawue  on  the  soft  stratnm  dua 
the  weight  of  the  building  may  be  computed  according  to  the 
le  rule  as  for  t\  hiyer  of  concrota.     The  results  of  this  mcUiud 
will  Mr  on  the  safe  side, 

Sectios  V. — Constrtidion  of  Ston/^-Mimmry. 

240.  OeumU  Priariplca. — Tlie    following    principles    ore 
observed  in  tlie  building  of  all  classes  of  stonc-masonn*. 

L  To  build  the  masonry,  as  far  as  possible,  in  a  series  of 
perjMjndicular,  or  as  nearly  iierpeudicular  as  jx)ssible,  to  the  di 
of  the  pressure  which  they  have  to  bear;  and  to  avoid  all  long 
contrnnous  joints  parallel  to  that  pressure  by  "  breaking  joint" 

II.  To  use  the  largest  stones  for  the  foundation  course™ 

III.  To  lay  all  stones  ■which,  consist  of  liiyers  or  "  bctis  "  in  such 
loaanor  that  the    pr'mci^  -pressva^i  '*i\i;\0^  'Osivc^  Xsas^t  <a  be«r 


if 
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I  act  in  »  direction  perpendicular,  or  aa  nearly  perpendicular  as 
^ble,  to  the  direction  of  tho  layers.  This  is  cadled  '*  latjing  the 
'•  vn  its  natural  bed"  and  is  of  primaiy  importauce  to  strength 
durability,  aa  has  been  already  exploinerl  in  varions  Articles. 
rV.  To  moisten  the  aui-faoe  of  diy  and  poi-ous  stones  before 
bedding  them,  in  order  that  the  mortar  may  not  bo  dried  too  fast, 
d  reduced  to  powder  by  the  stone  absorbing  its  uioLstnrc. 
(Article  229,  p.  372.) 

V.  To  fill  every  part  of  every  joint,  and  all  spaces  between  the 
fctones,  with  mnrtar;  taking  care  at  the  same  time  that  such  spaces 
Hiill  be  as  small  us  possible. 

241.  HlaMarr  ciaaMd. — Tlie  Jacfi  of  a  etone  is  its  outer  surface 
■^rhich  is  exposed  to  view.  Its  beds  are  the  surfaces  parallel  to  the 
layera  Its  gidea  are  the  surfaces  wliich  boimd  it  in  a  direction 
iiansverse  both  to  the  face  and  to  the  beds.  The  term  bed  is  also 
applie<I  to  the  joints  between  or  parallel  to  the  coui-ses,  through 
"which  the  principal  pressures  act;  these  joints  are  also  called  bed- 
joinU;  the  mle-joiiU^,  or  joints  transverae  both  to  the  beds  and  the 
Ace,  are  often  called  simply  jbi'/j/*. 

The  clasiiilication  of  masonry  for  engineering  purposes  is  based 
■Inost  entirely  on  the  size  and  figure  of  the  stones,  and  on  the 
manner  in  which  the  joints,  whetlier  bed-joints  or  side-joint'?,  are 
(onned  and  execute<l,  the  appcamncc  of  the  face  being  a  matter  of 
noondary  importance. 

The  principal  tooLs  employed  in  the  dressing  of  stone  are,  the 
•Btbbling  hammer,  whose  head  is  pointed  at  one  end  like  a  pick, 
asd  axe-formed  at  the  other,  and  various  chisels,  of  which  one  is 
pointed  at  the  end,  and  the  others  tiat,  and  of  breadths  ranging 
faim  one  to  three  inches,  or  thereal>outs. 

The  scabbling  hummer  produces  a  rough  approximation  to  a 

plane  surface;  the  [)oint  gives  a  clo.'jcr  ap|)roximation,  producing  a 

snrface  covered  with  a  number  of  small  parallel  ridges  and  fuiTows; 

the  "  inch-tool "  and  other  fljit-ended  chisels  cut  away  the  ridges 

left  by  the  point,  protlucing  still  gi-eater  smoothness.    Sto)io  thus 

dre.ssed  is  said  to  l>e  "  droved." 

Tliere  are  an  indefinite  number  of  different  qualities  of  masomy, 

Kttp  "  perpend  ashlar,"  in  which  every  stone  is  hewn  to  u  regular 

P^toe  and  exactly  fitted  to    the   adjoining  stones,   to   common 

rubble,  in  which  the  stones  are  built  nearly  as  they  come  from  tho 

quaiTv.  cnvat  irregularities  of  figure  alone  being  reduced  by  means 

<rftl  .  r. 

F  ^      ering  purposes,   masonry  may   be   classed  generally 

under  tour  principal  kinds,  viz.: — Ashlar  —  Block-in-course  — 
Coarsed  Rubble — and  Common  Rubble — and  the  combinations 
of  tbone  (onr  kinds. 
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242.  jlalilar  ifiiiMnrr,  nr  hewn  stone,  consists  of  I." 
regultir  figures,  frfmrully  rcctungular,  and  built  in  tv 
uniform  tk'pth,  which  is  seldom  less  timu  a  foot 

In  order  thut  the  stones  may  not  bo  liulilc  to  be  bmlcrn  si 
no  stone  of  a  soft  material,  such  us  the  weaker  kinds  <  : 
and  granular  liuicstoue,  should  have  a  length  greater  ti 
its  depth ;  in  harder  materials,  the  length  may  lie  4  or  />  titu« 
depth.     The  bi-eadth,  in  soft  materials,  may  i^ingo  fix>m  1^  tiiof* 
double  the  depth ;  in  hard  materiiUs,  it  may  be  3  times  tliv  dirpd 

The    bed-joints   and    siile-joints   are  dressed  to   plane  sii 
(and  in  some  exceptional  causes  to  l>e  idlerwards  speciticd,  to  cuff 
surfaces).     In  the  ca.io  of  plane  joints  this  is  done  by  niakiut|i 
Accm-iitely  plane  chisel -tlraught  all  round  tho  odgwt  of  Hw  HUiii 
to  be  shaped,  and  if  the  stone  is  large,  some  additional  t 
ehisel-draught«  in  the  same  plane,  and  di-esidug  the  iv 
the  sxirfuee  by  the  point  down  to  the  plane  of  tlie  chi8<d-di 
■which  serves  aa  a  guide.     The  accuracy  with  which  tliis  is 
of  sjtecial  imixirtance  in  the  case  of  bed-joints ;  for  if  any  |wrt  < 
fiurfaou  projects  Iwyond  tho  jil.ine  of  the  ehisel-dniuulit,  that 
jecting  ]iart  will   have  to  bear  an  undue  shai-e  of  ihce  fi 
which  will  1>H  concentrated  \>j>on  it  J  and  the  joint,  which  w 
at   tho  edges,  constituting   wlmt   is  calleil   an   ojvn  joint,  vf 
wanting  in  stability.     On  the  other  hand,  if  the  surface  of  iLb 
is  concave,  having  been  drtisscd  down  below  tiie  plane  of  t 
draughts,  the  pressuix'  is  coucentnited  on  the  edges  of  tlir 
the  risk  of  .splintering  tJieni  otV.    Such  joints  are  Siiid  to  lie 
They  are  more  difficult  of  detection  after  the  maivjury 
built  than  open  joints,  imd  are  often  execute<l  by  deeigu,  iu 
give  a  neat  ap[Kau-ance  to  tho  face  of  tlie  building;  and 
their  occuirence  must  hv  guarded  against  by  careful  in£|toctiiB 
the  progi-e.'is  of  the  stone-cutting. 

Wljcn  the  stone  has  Wen  dits-scd  so  that  all  the  smwll  ridgr* 
its  sui-face  are  in  one  plane  with  tlie  chisel-tlraughts,  the  [itoiifii 
is  distributed  with  a  near  approach  to  vmiformity;  for  tlie  nwtt 
serves  to  transmit  it  to  the  furrtjws  between  the  ritlges. 

Great  smoothness  is  not  deaimble  in  the  joints  of  a-shlar  luajon 
intended  for  strength  and  stability;  for  u  modemt'O  <legr(« 
rojighness  adds  at  once  to  tho  resistance  to  disjtliiccnient  by  blidiH 
And  to  the  adhesion  of  the  mortar. 

£ach  stone  should  fii-st  be  litted  into  its  place  dry.  in  order 
any  inaceumcy  of  tiguro  may  be  diacoverc«J  and  > 
stone-cutter,  before  it  is  finally  laid  in  mortar,  ni 
bed.     No  side-joint  in  any  course  should  be  dtrec; 
^Joiut  in  tho  cours>e  below;  b\it  tho  8t<jues  should  >  '  _ 

ji^'"'  '  ♦«nt  ot  ftom  onee  Va>  otLCft-MMV-*r\aJLt'  Um  dcptk 
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ftnno.  This  is  called  the  bond  of  the  masonry :  its  effect  is  to  make 
fcch  stone  be  supported  by  at  least  two  stones  of  the  course 
Blow,  and  assist  in  supporting  at  least  two  stones  of  the  course 
bove;  and  its  objects  are  twof<.ild :  Jirst,  to  distribute  the  pressure ; 
B  tliat  inequalities  of  load  on  the  upper  part  of  the  structure,  or  of 
esiatonce  at  the  foundation,  may  be  transmitted  to  and  spread 
rer  an  increasing  area  of  bed  in  proceeding  downwai-ds  or  upwanLt, 
I  the  case  may  be;  and  secondit/,  to  tie  the  building  together,  or 
fve  it  a  sort  of  tenacity,  both  lengthwise  and  from  face  to  back, 
y  means  of  the  friction  of  the  stones  where  they  overlap. 

A  stone  which  lies  with  its  greatest  length  parallel  to  the  face  of 
be  building  is  called  a  stretcher.  A  stone  which  lies  with  its 
reatcat  length  perpendicular  to  the  face  of  the  building  is  called  a 
mder.  Stretchers  tie  the  building  together  lengthwise,  headers 
rosswise.     The  strongest  bond  in  ashlar  masonry  is  that  in  which 

K course  at  the  face  of  the  building  contains  a  header  and  a 
her  alternately,  the  outer  end  of  each  header  resting  on  the 
!e  of  a  stretcher  of  the  course  below ;  so  that  rather  moi*o  than 
me-tJitrd  of  the  ai-ea  of  the  face  consists  of  ends  of  headers.  Tliia 
iroportion  may  be  deviated  from  when  circumstances  require  it; 
nit  in  every  case  it  is  advisable  that  the  ends  of  headers  should 
lot  form  less  than  one-Jourth  of  the  whole  area  of  the  face  of  the 
loilding. 

Quoins,  or  corner-stones,  which  should  be  of  largo  size  and 
iioBen  -with  special  care,  are  at  once  headers  and  stretchers;  each 
noin  being  a  header  relatively  to  one  of  the  two  feces  of  the 
nilding  which  it  connects,  and  a  stretcher  relatively  to  the  other. 

The  Udckness  of  mortar  in  the  joints  of  well-executed  ashlar 
nasomry  should  be  about  an  eighth  of  jin  inch.  The  volume  of  mortar 
equired  in  all  is  about  one-eighth  part  of  the  volume  of  the  stone. 

Ashlar  masonry  is  used  in  engineering  chiefly  for  the  piers, 
batmenta,  arches,  and  parapets  of  bridges,  for  hydraulic  works  to 
e  afterwards  specified,  for  facing,  quoins,  string  courses,  and 
lypi^g  to  inferior  kinds  of  masonry,  and  to  brickwork,  and  in 
eneral,  for  works  in  which  great  strength  and  stability  are 
squired. 

A  rougher  kind  of  ashlar  masoniy  is  built  with  stones  of  the 
w»  and  figufts  already  mentioned,  but  scabbled  or  dressed  with 
ije  hammer.  It  may  be  considered  as  intermediate  between  ashlar 
0id  block-in-course. 

It  what  manner  soever  the  faces  of  ashlar  stones  are  dressed,  or 
wen  should  they  be  "  quarry-faced,"  there  ought  to  be  a  chisel- 
hvught  round  the  edges  of  the  face,  forming  sharp  and  straight 
idges  with  the  chisel-draught  of  the  beds  and  joints,  in  order  that 
ihe  stone  may  be  accurately  set. 
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diftn  fiott  fanniner'drMnd 
ia  being  baOk  of  HnaUer  itoaea    The  osiial  depth 
from  7  to  9  indiaA^    Tha  mme  ni1c3  ai>f>ly  to  b: 
■ad  to  the  proportMns  which  the    lengths   and    b 
the  skmm  ihoold  bear  to  their  depths,  as  in  ashlar;  and  m  ia 
aim,  at  imat  omt-fmtrik  of  the  (iaoe  of  the  buUdinj;  nlinnlil 
of  headers,  whoae  length  sboald  be  from  3  to  fi  times  Um 
of  aoooiae. 

in-oootae  maaooiy  is  used  for  spandrils  nnd  wing-walla  of 
dges,  tbe  &cing  of  retaining  walls,  and  similar  paipoeea. 
S^L  In  Oiiii  li  ■■>»iw  mmmmmmj  the  building  consi8t«  of  a  mimi 
hodaontal  cooniBa,  aeldoin  exeeading  one  foot  in  depth,  eseli  of 
IriA  is  oonaolljr  levelled  belbtv  another  is  built  ui>on  it;  bat  tha 
'iide-joints  an  not  naeeasacily  vciitieaL  On»-/Qwr(k  part  at  leaft  of 
tiie  &ce  in  eack  ooorae  should  oonast  of  boDd-stonea  or  headea;. 
oaoh  header  to  be  of  the  entire  dqi^  of  tlic  course,  of  a 
langtng  from  1^  timea  to  double  that  dr}<th,  nnd  of  a 

into    the   building  to  from  3  to  5  times  that  dq 
m  asblar.     Those  headexa   should   be  roughly  squnrtnl   m. 
the    hammer,    and    their    bedn  hammer-drencd   to   appro: 
{danea;   and   care   should   be  taken  not  to  place  the  n 
MMOMBTe  coniaos  above  each  other;  for  that  »mn|,H^meul  wi 
eanse  a  defioienoy  of  bonil  iu  the  int«nnediato  parts  of  tho 
Between  the  headers,  each  course  is  to  bo  built  of  nnialler 

which  there  may  be  one,  two,  or  more,  in  the  deiith  of  the     

are  sometimes  miigbly  squared,  so  lu  to  unvc  yerticnl  aid 
sometimes  the  b-toned  are  taken  as  thi'y  cume,  so  thai  tha 
■joiate  are  iniegular;  but  no  8id<?-joJnt  should  form  au  angle 
a  bed-joint  sharper  than  GO^  Care  should  bo  taken,  not  only 
that  each  stone  shall  rest  on  itA  naturul  liod,  but  that  tbe  sidn 
porallel  to  thnt  natund  bed  shall  be  the  lai^est,  so  that  the  stonti 
may  lie  flat,  and  not  be  set  on  edge  or  on  eulL  Howsoever  snudl 
and  irregular  the  stones  may  lie,  care  should  be  taken  to  mok*  (be 
eounes  break  joint.  Hollows  between  the  larger  stones  shooU 
be  carefully  £Ued  with  smaller  stone^  completely  imbeddsd  a 
mortar. 

Coursed  rubble  msjsoniy  requires  great  caro  in  the  iuqiaotioo  of 
its  progress,  to  see  that  the  preceding  rules  ar«  obeenred;  Md 
especially,  tbat  the  interior  of  the  wall  oontmns  neither  cmjtj 
hollows,  nc»r  spaces  filled  wholly  with  moriiw  or  with  nihwB 
where  pieces  of  stone  ought  to  be  inserted,  and  that  each  stone  i» 
laid  flat,  and  on  its  natural  bed.  Caro  must  be  taken  that  Ui« 
h<  aijors  or  bond-stones  are  really  what  they  profess  to  be,  and  not 
hin  stones  set  on  edge  at  the  faoe  of  the  wall. 
A  cubic  yard  o(  Ta\AAQ  m&Bonrj  i(^c^\«e^  in  order  to  alW 


tor  waste,  about  IJ-  cubic  yard  of  atoaea,  and  ^  cubic  yard 
mortar. 

The  resistance  of  good  coui-sed  rubble  rnasonry  to  crashing  is 
ikboTit  four-tentli3  of  that  of  single  blocks  of  the  atone  that  it  is 
baUt  with. 

Coursed  rubble  is  used  for  retaining  walls  and  wing-wall«  that 
requii^  lesa  strength  than  those  built  of  block-in-course  or  ashlar, 
for  the  >Hicking  of  pieces  of  masoniy  that  are  faced  with  ashlar  or 
hlock-in-course,  for  fence-walls,  and  for  various  other  purpoaea. 

KuVrbld  is  often  built  in  "random  courses j"  that  is  to  say,  eack 
course  resta  on  a  plane  Iwd^  but  is  not  nooeasarily  of  the  same 
depth  or  at  the  same  level  throughout,  so  that  the  beds  occasionally 
rise  or  fall  by  steps. 

245.  Cmmmmm  BafeMc  VfmmmmrT  differs  from  ooursed  rubble  in  not 
being  built  in  coui-ses;  but  in  other  respects  the  same  rules  are  to 
be  observed.  The  resistance  of  common  rubble  to  crushing  is  not 
much  greater  than  that  of  the  mortar  which  it  contains;  it  is 
therefore  not  to  be  used  where  Rtreugth  is  ret[uire<l,  unless  built 
with  strong  hydraulic  mortar.  Its  chief  use  in  engineering  is  for 
fence  walls, 

246.  Aahlar  and  Block-lM-CkinrM:  backed  witk  Babble. — In  this 
sort  of  masoniT  the  stones  of  the  ashlai-  or  block-in-course  &oft{ 
should  have  their  beds  and  joints  accurately  squared  and  dressed! 

the  hammer,  or  the  point,  as  the  case  may  be  (see  Articles 

'2i3,  pp.  384  to  386),  for  a  breadth  of  firom  once  to  twice  (or 

11  average,  onco  and  a-hnlf)  the  depth  of  the  course,  inwards 

the  fucej  but  the  backs  of  these  stones  may  be  rough.     The 

rtiou  and  length  of  the   headers  should  be  the  same  as  in 

-i.a-,  and  the  "tails"  of  those  benders,  or  parts  which  extend 

into  the  rubble  backing,  may  Ije  left  rmigh  at  the  back  and  sidesj 

but  their  upper  and  lower  beds  should  be  hammer-dressed  to  tho 

general  planes  of  the  beds  of  the  coui-se.     These  toils  may  taper 

slightly  in  breadth,  but  8hf>uld  not  taper  in  depth. 

The  rabble  backing,  built  as  described  in  Article  244,  p.  38G, 
sbonld  1*0  carried  up  at  the  aamc  time  with  the  face- work,  and  in 
courses  of  the  same  depth,  the  bed  of  each  course  being  carefully 
formed  to  the  same  plane  with  that  of  the  ashlar  or  block-in-courso 
&crng. 

In  estimating  the  labour  or  cost  of  building  such  masonry  as  is, 
liere  described,  the  area  of  the  lace,  multiplied  by  the  d 
iatranls  to  which  the  dre.saing  of  the  joints  is  earned,  may  be 
•8  ashlar  or  block-innxiurse,  as  the  case  may  be,  and  the  remj 
■B  rabble. 

Those  combinations  of  masonry  are  the  most  generally  useful  in^ 
engineering  works;  and  they  are  especially  suitable  in  a  tQed 
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point  of  view  wliciD  the  pressure  is  concentnitod  towarda  til*  I 
of  the  building,  as  in  retaining  walla 

For  the  abutments  of  bridges  they  nrc  nof.  in<!chanicall3r  suitub] 
because  the  pif  asiire  is  concentnited  towardn  tlie  back ;  but  if 
any  bridge  com'^od  rul)ble  is  strong  enough  to  resist  the  pressu: 
at  the  back  of  the  abutments,  it  may  iMt  used  for  that  pi 
and  faced  with  bloek-in-coiirse^  or  ashlar,  for  the  sake  of  ap| 
and  of  prot^ctifin  from  the  weather. 

Coursed  rul»ble  masonry  is  often  used  in  combination  with  ashltf' 
quoins,  to  which  the  remarks  in  Article  242,  p.  385,  are  applicablis. 

247.  siriB«  CeanH'a  and  cepM. —  A  string  couTse  IS  a  course  of 
large  stones  nli^htly  projecting  beyond  the  face  of  a  building,  and. 
di*e8aed  and  built  like  ashkr  nr  block-in-coiu-se,  as  the  oase  may  ba 
Setting  aside  its  arehitectnral  ap|M?arauce,  its  mechanical  use  is  to 
eupport  some  load  and  distribute  it  upon  the  masonry  below  it  For 
example,  when  a  coui"sed  rubble  or  Wock-in-course  wing-wall  or 
B{iandril  of  a  l)ni]ge  has  to  Bupix>rt  an  ashlar  ])ai'apet,  a  string 
course  must  lir.st  be  placed  on  the  wall,  to  give  a  steady  basai 
for  the  pampet,  and  to  distribute  its  weight  over  the  smaller  stontt 
below, 

The  Cope  of  a  wall  consista  of  large  an«l  heavy  stones,  slightlf 
projecting  over  it  at  Ixith  sides,  accumtely  beddwl  ou  the  wall,  awl 
jointed  to  each  other  with  hydraulic  mortar,  or  with  cement.  Iti 
use  is  to  8helt^.»r  the  mortar  in  the  interior  of  the  wall  from  tint 
M'CJither,  and  to  prot*'ct,  by  its  weight,  tlie  smaller  stones  below  it 
from  lieing  knocked  off  or  picked  out.  Coj)e-stoties  should  he  •> 
8ha]>cd  that  water  may  rapidly  run  off  froai  them. 

liough  rubble  coping  form.s  an  exception  to  the  general  njlo  tiul 
laminated  stones  should  be  laid  with  their  layers  parallel  to  tlii? 
Iwda  of  the  courses.  In  this  cas?  the  stones  are  very  often  sototi 
edge,  with  their  layers  vertical,  and  perixMulicular  to  the  length  li 
the  wall,  BO  that  the  edges  of  the  layer-s  alone  are  exposed  to  the 
air,  at  the  top,  na  well  u.s  at  the  aides  of  the  cope. 

Additional  stability  is  given  to  a  cope  by  so  connecting  the  cope- 
stones  together  that  it  is  impossible  to  lift  one  of  them,  without,  «t 
the  same  time,  lifting  the  ends  of  the  two  next  it  This  is  done 
either  by  means  of  iron  cranijia  inserted  into  holes  in  the  stonn, 
and  tixed  there  with  lead,  or  better  still,  by  means  of  dotoeU  of  Booe 
f  Tery  hard  and  strong  stone,  such  as  greenstone  or  granite.  Q^l 
'^mre  small  pri.sraatic  or  cylindi'ical  blocks,  each  of  which  fit*  i^H 
pair  of  opposite  holes  in  the  contiguous  ends  of  a  pair  of  cope- 
stones,  where  it  is  fixed  with  cement  or  hydi'aulic  mortar. 

rt  iron  and  wionght  iron  dowels  are  also  iised,  but  thi'y 
ferior  in  durability  to  those  of  hard  stone,  though  saperior 
BogtL     Copper  dowe\a  ax«  stvong  and  durable,  but  tacpeo^^*- 
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Cram {13  or  Jowl-U  may  be  usvd  iu  striug  courses,  or  ia  any  part 
a  pii'ce  of  masonry. 

Fence-walls  are  Konictiraes  coped  with  sods,  or  with  clay-piiddle» 
ilicle  206,  p.  344.) 

248.  P«taitUi«  u  piece  of  masonry  consists  in  scraping  the  mortar 
m  the  outer  tHlgt-s  uf  the  joints,  at  the  face  of  the  building,  as 

.IS  the  point  uf  the  trowel  will  reach,  and  filling  the  groove  so 
de  with  mixed  cement,  or  with  hydraulic  mortar,  to  keep  out 

oistare.     As  to  mixed  cement,  see  Article  231,  p.  374. 
In  sea-walls  cxiwscd  to  hard  blows  from  the  waves,  cement  put 

|lo  the  joints  by  oi-diimry  pointing  is  apt  to  jump  out  in  pieces  j 

id  it  ia  best  to  lai/  tiie  stones  iu  cement  for  two  or  three  inches 

(wards  from  the  face  «f  the  wall. 

249.  Dry  S«*ae  Walla  should  be  built  according  to  the  principles 
ready  kid  down  for  rubble  masonry  in  Articles  244,  245,  pp. 
J6,  387,  with  the  single  exception  that  the  mortar  is  to  be 
ultted.  It  is  ofti^i  advisuble  to  make  the  cofio  of  a  dry  stone 
bU  waterjiroof,  in  onler  that  water  may  not  lodge  in  the  joints  of 
le  wall  and  foivo  the  stones  from  thoir  ])liices  by  its  expansion  in 
leeziug.  In  such  cases  the  cope  niuy  be  mftde  of  stones  set  on 
Ige,  and  jointed  with  mortar;  or  of  bituminous  concrete  (Article 
54,  p.  37<));  or  if  great  cheapness  be  deaired,  of  clay  puddle, 
Irticle  20G,  p.  344.) 

If  a  dry  stone  wall  is  intended  to  be  permanent,  rounded 
Mulders  should  not  Ix>  used  in  their  natural  condition  to  build  it, 
mt  should  first  be  broken  into  Hat  and  angular  pieces. 

Dry  stone  building  is  employed  for  fence-Mnallfl,  and  sometimes 
i>r  a  backiug  to  retaining  walls,  in  order  at  once  to  diminish  the 
Tessure  of  earth  against  them,  and  to  drain  away  water  by  letting 
t  eMORpe  between  the  crevices  of  the  stones. 

It  ia  also  used  in  retaining  walla  of  small  height,  and  in  facing 
urihen  slopes  ex]>osed  to  the  action  of  water  (Article  196,  p. 
139 ;  and  Article  205,  p.  344);  and  in  the  latter  case  the  beds  of 
he  courses  are  laid  perpendicular  to  the  direction  of  the  steepest 
tlope. 

l:'}0.  Lakcar  of  HMmfTflmammrf. — The  following  information  as  to 
the  labour  inquired  to  execute  ditferent  kinds  of  work  connected 
with  st^jne-maaonry  is  given  chiefly  on  the  authority  of  Gauthey  :-^ 

Rubble  Stone,  one  cubic  yard.         daj'b  WoA  of  a  Mu. 

Loading  barrows  with  stone, o*o6 

Wheeling  one  relay  =  about  100  feet  on  a  level,     0*045 
(As  in  earthwork,  each  foot  of  ascent  is  equi- 
valent to  six/eet  of  additional  distance.) 
Unloading  barrowc^ O'O^ 
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Aa  to  mixing  mortar,  see  Article  229,  p.  373;  and  as  to  Uie  |in> 
poriioiis  of  murtur  and  stone,  nee  Articlus  242  to  2id,  pp.  385  to 
387. 

Day's  Work  or  a  Mam  nm  Cumc  Txitn 

Stoi*     Culling.    °«'""'e-      v;^ 

Dry  «tone, , 0*64  —  foo  0-50  I 

Coursed  rubble, 0*64  —  o'po  opo  j 

Block-in-course, 0*90  f'S  0-90  0-90  I 

Block-in-course  arching, 0*90  2*25  0-90  0-90  I 

AaLkr  (Boft  sandstone),  I  ?^°»   **^        ^'5°         ^'°°         '^^ 

Skoiag  ashlar,  per  square  foot  (boH  nandstoue) —  I 

Stroked  with  tho  point,  0*05 ;  Droved,  007;  Polished,  010.       | 

Labour  of  breaking  and  stoiie-cutting  for  harder  stones —  I 

Hard  sandstone  =  soft  sandstone  X  2;  I 

Hard  limestone,  marble,  granite  =  soft  sandstone  X  from  3  to  i.       I 

Curved  fiicing  =  flat  X  ( 1  +  — p — i-jr- J.  I 

\        ruditts  in  fut^t/ 

Taking  down  old  masonry,  O-fi  daj's  work  of  a  niao  per  cubic 
yard. 

251.    !llc«lmiilnB    far    ukowing    liir|e    eioara. — Tlicro    are  Torio^S* 

vrnys  of  laying  hold  of  stont-a  that  are  too  heavy  to  be  moved  ljj 
bund,  the  most  usual  being  the  fuUowiug: — 

I.  By  nippers  or  tongs,  tho  claws  of  which  enter  a  pair  of  hol^^ 
in  the  sides  of  the  stone.  Those  holes  should  be  ntoated  in  -^ 
horizontal  lino  [tossing  through  or  a  little  above  the  centra  C^ 
gravity  of  the  stonei 

II.  By  a  Hingle  iron  plug,  verj'  slightly  tapered,  and  drivel 
tightly  with  the  hammer  into  a  veiiical  cylindrical  hole  iu  tho  U^f 
of  the  stone,  directly  above  its  centro  of  gravity.  At  the  nppe 
end  of  the  plug  is  an  eye,  to  which  the  cliain  for  lifting  the  ston^ 
is  hooked  After  the  stono  has  been  laid  in  its  place^  a  few  shar^ 
taps  given  sideways  with  tlio  hammer  loosi-n  tho  l>lag.  Tliis^ 
method  answers  best  with  the  hardeat  sione^  such  as  grauit«. 

III.  By  a  pair  of  iron  plugs,  inserted  into  two  holes  in  the  to]^ 
of  the  stone,  which  converge  towards  each  other  at  a  right  angled 
being  inclines!  iu  opjKjsite  directions  at  angles  of  46°.  The  eyes  a^ 
the  upper  ends  of  the  plugs  aro  attached  to  a  pair  of  oliains;,  whicl^ 

when    the   stone   hangs    by  tlieui,  ore  at   right  angles   to    thui 

respective  plugs,  and  meet  each  other  at  a  right  angle,  where  the  ^ 

attached  to  tho  lower  eud  ot  oue  msuxi  ctd^ti.    Tba  two  ^lu^^ 
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holes  shotdd  be  in  a  vertical  plane  traversing  the  oontre  of  gravity 
of  the  sLoue,  and  equally  distant  firom  it.  The  tension  on  each  OC 
the  branch  chains  is 

=  weight  of  the  stone  X  •  707.  I 

IV.  By  the  Lewia,  a  trancated  iron  wedge  or  dovetail  with  th»| 

larger  end  downwanls,  made  of  three  pieces,  which  can  be  put  into] 

or  taken  out  of  a  similarly  shaped  hole  in  the  top  of  the  stone  onS'l 

by  one,  bat  not  U^gctlior.     The  lewis-hole  is  made  from  2  inches  tOj 

10  inches  deejj,  according  to  the  weight  of  the  stone. 

I        The  moat  geuerally  useful  machine  for  lifting  and  shifting  larg^ 

I  itones  in  ordinary  buildiuga  i.s  the  moveaVtlo  jib-crane.     In  large| 

luildings  a  travelling  crab  or  winch  is  used,  running  on  a  travelling 

platform ;  that  is  to  say,  a  framework  of  timber  and  iron  is  erected, 

L    consisting  of  two  parallel  lines  of  posts  with   sufficient  diagonal 

§  bracing,  siupporting  a  pair  of  parallel  beams,  which  extend  alo; 

[    the  whole  length  of  the  intended  building,  and  include  its  gi' 

'    breadth  between  them;  each  of  those  longitudinal  beams 

iron  rail;  u{)on  the  pair  of  longitudinal  rails  so  carried  run 

^^lieels  supporting  the  travelling  platfonn,  which  spans  over  tha' 

"w-iiole  breadth  of  the  building,  and  is  made  sufficiently  strong  and 

s*tiff  by  tubular   iron   beams  or  otherwise;  it  carries  a  pair  ot 

t  ransverse  rails,  ujjon  wliich  runs  a  four-wheeled  truck,  carrjring 

t^bc  crab  or  winding  machine,  which  can  thus  be  moved  to  any 

yttivi  of  the  building.     The  whole  apparatus  may  be  worked  by  &^ 

*t*.vvm-eugine.  I 

ii'i^2.  iNMmmcBia  aMid  in  BniMing. — In  Article  65,  p.  Ill,  ^J^d. 

^^rticlo  C8,  p.  113,  it  lias  been  already  explained  how  the  feituationa 

l^ksd  levels  of  those  leacUng  points  upon  which  the  situations  and 

^s«Tels  of  all  otlier  points  in  a  piece  of  masonry  depend,  are  to  \m 

•»et  out  by  the  engineer. 

The  principal  instruments  used  during  the  pj-ogress  of  the  buildH 
&9g  are  the  conl,  for  setting  out  long  straight  lines,  such  as  the  edgefli| 
•^jf  the  bed-joints;  the  stiuight-edge,  for  shorter  straight  linos  andi 
^or  plane  surfaces;  the  square  and  the  bevel,  for  right  and  oV>Iiquo 
aeingies;  the  plurali-rule,  for  vertical  or  nearly  vertical  lines;  tha 
2evel,  for  horizoiitid  lines  and  pl&nes,  wliich  may  be  like  an, 
■Suvertod  Xi  with  u  plummet  to  set  the  stem  vertical,  or  what  if 
^»ittcr,  a  sjiirit-levcL 

^^m  'When  the  face  of  a  wall  is  to  be  vertical,  it  can  be  set  out,  and 
^^kMcaracy  tested,  by  a  plumb-rule,  l>eing  a  flat,  straight-edged 
jiiece  of  Ixtard,  with  a  Line  marked  on  it  pai-allel  to  one  of  itg 
edccs,  which  line  is  set  truly  vertical  by  a  plummet. 

When  tiie  face  of  the  wall  is  to  have  "  a  atraujht  halter," — that 
in,  to  be  indiiteJ  at  au  uniform  angle  to  the  verticaX,  t\i&  t\A<&  \o\a 
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used  is  still  sti-aight-edged,  but  the  eJge  is  inclined  to  tLe  jil« 
lino  at  the  proper  angle  of  batter.     The  batter  of  a  wall  is  u« 
described  b\'  stating  the  extent  of  deviation  from  the  vertical 
given  height :  for  example,  "  one  in  twelve,"  or  "  one  inch  in  a  f 

When  the  vertical  section  of  the  face  of  a  wall  is  to  \h>  cu 
it  is  sjaid  to  have  a  "  cun-ed  batter,"  and  it  must  be  set  out 
means  of  a  "  face-mould," — that  is  to  say,  a  narrow,  flat 
liaviiig  one  of  its  edges  of  the  intended  figure  of  the  fac? 
wall,  and  having  a  straight  line  marked  ujMjn  it,  which  is  set ' 
vertical  by  means  of  a  plummet.     Great  care  should  be  bestowed  ( 
preparing  the  face-moulds  of  important  pieces  of  masonry;  it 
cases,  which  will  he  exemplified  farther  on,  every  coiirse  of 
ought  to  be  marked  on  the  edge  of  the  mould. 

Large  face-moulds  are  sometimes  made  of  several  pieces  of  ' 
ber  framed  together. 

When  the  beds  of  the  courses  are  to  be  plane  and  level,  tb« 
be  set  correctly  by  the  level  and  common  stmight-edgr, 
they  are  to  be  planes  having  a  given  slope,  a  rule  must 
pkiytd  having  two  straight  edges  inclined  to  each  other  at  such 
anglL'  that,  when  one  edge  is  set  horizonUd  by  the  spirit-level, 
other  hfis  the  proper  inclination.     If  the  bedis  of  the  ouursee  are » 
be  perpendicular  to  a  straight  or  curved  battering  lace,  their  poa* 
tion  can  be  set  out  and  tested  by  the  square. 

Cur^'ed  beds,  such  as  are  employed  for  some  special  purpota^ 
require  the  use  of  suitably  curved  "  bed-moulda" 

In  lUl  cases  in  which  economy  of  time  and  money  has  to  I* 
Btu<lied,  the  engineer  should,  as  fiir  as  pnicticablc,  avoid  cuntJ 
figures  iu  m;isoury ;  lor  not  only  are  they  more  teclioua  kn'I 
sive  to  set  out  and  to  build  than  stniight  and  plane  figui' 
is  more  difficult  to  test  the  accuracy  with  which  they  hu 
executed.  A  single  glanco  will  detect  the  stnuUest  apf 
inaccuracy  in  a  wall  with  a  straight  batter,  whilo  tl»e  eiiiuc  [« 
in  the  case  of  a  waU  with  a  curved  iTattor  would  reqiiirw  either  i 
long  series  of  nieaaurementij,  or  the  apjdication  of  a  cuiubroufl  ii^ 
mould  to  various  parts  of  the  wall ;  and  this  becomes  a  maUtf  *'' 
serious  importance  in  large  structures,  where  errors  in  form  Wj 
aScct  the  strength  and  stability. 

253,  menanraiioti  •f  Maaonrr. — For  engineering  puqioses,  ■ 
tities  of  the  rougher  hinds  of  masonry  are  stated  in  cubio 
and  of  the  finer,  in  cubic  feet. 

Eut  thera  are  also  special  units  of  measnre  for  masoniy, 
the  foUowing: — 

A  TQOfl  of  masonry  means,  when  applied  to  surface,  36  fqtnire 
yards,  and  when  applied  to  volume,  3G  square  yairJs  of  a  imJl  uf  « 
thickness,  Buch  (va  1  ^u«t.     Vvk.  «s&kmkXui^  «  Uui 


^■I^j^.-    ■      "^".       -fi-m,   the  suiwrlicittl   m<^^^^^tB^uS^» 

^^br  >  .M}ii:kro  yurils,  in  older  to  estimate  tite  cu&t  of 

^K  ri.,  uuU  Uu-ti  till*  iiroa  in  siip^rlicial  ix)o<Ls  of  bhu  face  of 

^K.i  I   of  the  build i tig  in  niulti|ilieil  by  the  mtio  wliich  its 

^^BBbm-^  '•  ^  foet,  so  :i8  to  coiii|ivit*>  tlio  cubic  roiitants  in 

^^^^bx  --qii:iro  yanla  in  ni'fu  and  2  ynrilH  thick  in  ordtr 

^^^Hkn  "f  the  laasoiiry  exclimi%'e  of  the  i'livv.     Thltf 

^^HiU  I  .           U  to  architcctunil  tliun  to  cngiriuuriiig  pur]H>itC9i. 

^H  S&TTION  VI. — Couslructivn  of  BricJctoorh 

^H|54.  GMi«**i  Pri»ci|iie», — Tho  fuUuwiug  priuoijilfs  (11*6  to  be  ob« 
^Hvcd  ill  buildinj»  with  bricks: — 

^^U.  Tm  tf  ject  all  niisshajicu  aud  unsound  bricks.  (Seo  Article 
^K  p.  366.) 

^^pL  To  I  (lace  tho  beds  of  the  courses  perpendicular,  or  as  nearly 
^HgtcDdictdar  as  possible,  to  the  direction  of  the  jtressure  which 
^^■jr  hnre  to  bear;  atid  to  make  the  bricks  in  each  cuiirHe  break 
^^bt  with  thutH."  of  tho  courses  above  and  Ix-low  by  over-lapping  to 
^^B  cjctent  of  from  one  quarter  to  one  half  of  tho  length  of  a  brick. 
^Hnl.  To  cleanse  the  surface  of  each  brick,  find  to  wet  it  thcroughly 
^K-  '  JTirr  it,  in  order  that  it  may  not  absorb  the  moisture  uf 
^B*  no  nijiidly. 

^^  i\ .   in  nil  every  joint  thoroughly  with  mortar,  taking  care  at 

I  Ih*  unine  time  that  the  thickness  of  mortar  shall  not  exceed  about 

r>  r  of  an  inch. 

(ler  to  prevent  the  use  of  too  great  a  thickness  of  mortar, 

I  iL  iii  Ubuul  in  BpecificHtions  to  prescribe  a  certain  depth  which  a 

Ccrtniu   number  of  courses  of  brickwork  shall  not  exceed.     For 

<iaample,  if  the  bricks  are  2|  inches  deep,  it  maybe  .siiecitied  that 

four  courses  nf  bricks,  when  built,  shall  not  measure  more  than  one 

foot  in  depth;  a  condition  which  implies  that  tho  average  thickness 

•■'f  luortar  in  the  joints  shall  be  \  inch. 

V.  To  use  no  *'  bats,"  or  pieced  of  bricks,  except  wLoii  absolutely 
t|<>ce«3ary,  iu  order  to  make  a  "closure," — that  is,  to  finish  the  end 
Or  corner  of  a  wall,  or  tlie  side  of  an  opening;  and  even  then,  to  use 
Ito  piece  less  than  half  a  brick. 

In  stating  the  length  and  breadth  of  masses  of  brickwork,  it  ia 
Xasual  to  employ  the.  length  of  a  brick  as  an  unit  of  measure.     For 
^jiample,  if  bincks  are  used  which  build  to  0  inches  in  length, 
\  brick  meana  4^  inches. 

1  ,,  «       9  inches. 
1^     „  „        1  foot  1^  inch. 

2  „  n       ^  ^^^^  ^  inches. 
.And  M  on». 
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The  voluTne  of  mortar  required  for  good  brickwork  eb  *l 
j\flh  of  the  volume  of  the  bricksw 

'ibb.  Mmmk  la  ■Hafcwtfc.    The  bricks  used  in  o  given  be 
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Fig.  167. 


being  of  uniform  or  nearly  umform  die  iud  fii^iro,  iu«  to  be  \kA 
acconling  to  an  uniform  system,  wkick  Is  c&lled  the  hond  of  tlM 
brickwork. 

As  in  iishlar  masoury,  ao  in  brickwork,  a  header  is  a  brick  yrhom 
length  liiH  pcrix;ndicular  in  the  face  of  the  wall;  a  »tretcJter,  one 
•whoso  length  lies  parallel  to  the  face  of  the  wall.  As  the  Jen;^ 
of  a  brick  is  almost  exactly  double  of  its  bivudth,  one  stretcher 
occupies  the  Hame  area  on  the  face  of  the  wall  with  two  headera. 

I.  English  Jiond,  which  is  considered  the  strongest  and  nott 
stable  arrangement,  consists  in  laying  entire  courses  of  headers  &nd 
of  stretchers  periodically,  aa  in  fig.  1 66.  Sometimes  the  courses  of 
headers  and  stretchers  occur  alternately ;  sometimes  there  ia  only  one 
ooui«e  of  headers  for  every  two,  three,  or  four  courses  of  stretchers, 
The  sti-etchers  tie  the  wall  tugether  lengthwise,  the  headers  atam^ 
wise.  The  pi-opoi-tioniite  numbei's  of  the  courses  of  headers  Uii 
Btretchers  should  dep<»ud  on  the  relative  importance  of  trai 
and  longitudinal  tenacity.  {A.  M.,  202.)  The  proj)ortioii 
ill  fig.  166,  of  one  coui"sc  of  headers  to  two  of  stretchers,  is 
which  gives  equal  tenacity  to  the  wall  lengthwise  and  ci 
and  which  therefore  may  be  consideixid  tho  best  in  ordinary 

In  a  factoiy  chimney,  the  lougitudinal  tenacity,  which 
any  force  tending  to  split  tho  chimney,  is  of  more  imiiortanoe 
the  trans^'crse  tenacity;  therefore,  in  these  buildings,  it  is  advi 
to  have  a  greater  pi-opoi-tiou  of  stretchers,  such  as  three  or  four 
courses  of  stretchers  to  one  conrse  of  headers. 

In  building  brickwork  in  English  Bond,  it  is  to  be  bomo  in 
mind  tliat  there  are  twice  as  many  vertical  or  sid<vjoint8  in  % 
course  of  headers  as  there  are  in  a  course  of  stretchers ;  and,  there- 
fore, that  unless  great  care  is  taken  in  laying  the  hoadei^  to  make 
these  joints  very  thin,  two  headera  will  occnjiy  a  little  more  length 
than  one  stretcher,  and  the  coirect  breaking  of  the  joints,  to  the 
extent  of  exactly  a  quarter  of  a  brick,  will  be  lost.  This  is  often  i 
the  case  in  carelessly  built  brickwork,  in  which  at  intervals  rertical, 
joints  are  seen  nearly  or  exactly  above  each  other  in  suoocosi^ 
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IL  In  Fl^smith  Bo)ul  (fig.  1 07)  a  header  and  a  stretcher  are  laid 
•Itemately  in  each  course,  and  so  placed  that  the  outer  end  of 
each  hefider  Hes  on  the  middle  of  a  stretcher  in  tbe  coui'se  below. 
The  number  of  vertical  joints  iu  each  coui-se  is  the  some,  so  that 
tJiere  is  no  risk  of  the  correct  breaking  of  the  joints  by  a  quarter  of 
»  brick  being  lost ;  and  the  wall  presents  a  neater  appearance  than 
one  built  in  English  Bond.  English  Bond,  however,  when  cor- 
rectly built^  is  considered  to  be  stronger  and  more  stable  than 
Plemish  Bond. 

256.  B««p  itwa  Bond.— Pieces  of  hoop  iron  axe  sometimes  laid 
flat  in  the  bed-jointa  of  brickwork,  to  increase  ita  longitudinal 
tenacity.  They  should  break  joint  with  each  other;  and  the  ends 
of  each  [»iece  of  hoop  iron  should  Ije  hnsnt  down  at  right  angles  for 
the  length  of  two  inches  or  thereabouts,  and  inserted  into  vertical 
joints  of  the  course  of  bricki  on  wliich  the  hoop  iron  lies. 

The  total  sectional  area  of  the  hoop  iron  needs  not  exceed  about 
1- 300th  of  that  of  the  brickwork. 

257.  PotaiiMg  j«iai>. — (See  Article  248,  p.  388.) 

'25S.  The  FoandotioM  c«iw«e«  of  a  ])iece  of  brickwork  ubiially 
spread  downwards  by  steps  of  a  quarter  of  a  brick  at  the  fiice  and 
bock,  until  a  sutlicient  breadth  is  gained  to  support  the  weight 
of  the  building,  according  to  the  principles  already  explained  in 
Section  IV,  of  this  Chapter,  pp.  377  to  SSL 

259.  Siring  Connea  nnd  C*pc«.  Brick  string  couTses  ought  to 
consist  entirely  of  headers,  and  so  also  ouglit  copes  built  with 
ordinary  bricks.  Coping  for  brick  walls  Ls  sometimes  made  with 
large  bricks  moulded  ejcpres-sly  for  that  purpose.  Stoue  string 
oom-ses  and  coping  are  frequently  used  along  with  brick  building, 
especially  where  strength  and  stability  are  required. 

260.  In  Brickwork  with  Stone  ijaoina  sjiecial  care  must  be 
taken  that  the  layer  of  mortar  in  each  bed-joint  of  the  brickwork 
is  OS  thin  as  possible;  for  as  the  bed-joints  of  the  brickwork  are 
three  or  four  times  as  numerous  as  those  of  the  stone  quoins,  any 
Ktiperflnous  thickness  of  the  former  will  cause  the  brickwork  to 
settle  more  than  the  stone  quoins,  the  effect  of  which  will  be  to  dis- 
figure, crack,  and  j>erhai)s  destroy  the  building, 

261.  l<alMMir  of  Brickwork. — The  following  data  are  given  on 
authority  of  Gauthey ; — 


Day's  Wore  of  a  Mas  vbb  Cnnic  Yard. 

Erecting 


i 


BrickUver. 


Onlinary  Bricklaying, o-6 

Brick  Arching....... o'p 


Labourer. 

0-6 
0-9 


Scaffolding. 

various. 


Tn  tbe  cas«  of  arching,  the  labour  of  erecting  acaffoldl'Q^  md'UL^&fiik 
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that  of  putting  up  "  cpntres,"  or  timber  frames  for  the  aixuea  to 
reut  ou  while  ia  progress.  These  structures  will  be  cotutidotd 
further  on, 

L'G2.  iticnrarailon  of  Brlckwvrlb — For  eDgincering  jmrposeB  ta 
Britain,  qnautities  of  lirickwork  are  usually  computed  abd  !itot«d 
in  cubic  yards;  but  there  are  also  special  modes  of  Btating  them, 
audi  as  the  followiiig: — 

Each  piece  of  brickwork  has  its  thickness  istated  in  bricks  and 
half- bricks;  tiie  ai'ea  of  itti  face  is  calculated:  from  that  «na  is 
computed  the  area  of  a  wall  of  the  staudard  thickness  of  ojm  laici 
ami  a-Iutl/,  aud  of  the  same  cuVjic  contents,  and  the  reduced  arm  as 
obtiiined  is  stated  in  rods  of  30|  square  yards,  and  in  sqnare  yardb 

A  rod  of  brickwork,  of  a  brick  and  a -half  thick,  if  eacii  brick  bo 
9  inches  long,  ia  equal  to  1 1  ^  cubic  yards  verj'  nearly. 

Section  VII. — 0/ liuitresses  and  Retaining  Wall^, 

2C3.  The  Htnbllltr  omieclu  or  niasoair  aod  Brickwork  l«  0«>wnil 

{^A.M.f  211)  do|>cni;ls  on  the  conditions  iiiivady  stated  in  Article 
139,  ]),  2130 — viz.,  that  of  stabUi/n  of  position,  which  n'(iui»vs  Uial 
the  structure  shall  not  give  way  by  overturning;  and  that  of  i^•^ 

ily  o/ JruUion,  which  ix'qnires  that  it  .shall  not  gi\' 

ding  of  one  course  ujion  another;  :uid  those  two  con  -.ii 

to  be  fulfilled  at  tJ^e  bed-joint  oftadi  course. 

Tlx-  liillowiug  are  the  mo.st  convenient  ways  of  expressing  \htali 
ctinditioiia  by  means  of  forniuUe  suitable  for  calculation  : — 

I.  Utabilily  of  Position  is  insured  when  the  moment  of  tlie  forw 
tendiuj;  to  overturn  the  mass  above  a  given  bed-joint  does  nol  px- 
Loeil  the  moment  of  stability  of  the  mass  of  masonry  atx»vo  <li*t 
bed-joint. 

To  express  the  moment  of  atability  at  a  given  bed-joint  sysibali- 
cally,  it  is  necessary,  in  the  iirst  place,  to  determine  the  gnataft 
distance  to  which  the  "centre  o/ prc9»tire"  or  *' (^f  raistan»*  fi 
that  bed-joint  may  <ieriate  from  the  middle  of  the  bed,  witliaal 
endangering  the  stability  of  the  structure. 

Let  q  denote  the  greatest  safe  ratio  of  the  devia.tion  to  tbo  UtidC* 
uess  of  the  masonry  at  the  given  bed-joint. 

In  jli/ing  butlrtmeg,  aud  pi«rs  and  ttbutmenta  of  arche«  and  ct 
frames,  it  in  in  genend  advisable  to  limit  q  accoitling  to  ilie  nila 
iilready  given  for  rock  foundations,  Article  23(>,  p,  378— viz.,  Md< 

there  shall  he  no  tension  at  miy  point  q/'the  bed,  the  pr -    ^^^ing 

Hup|)osed  to  be  an  uniformly  varying  stresa.     For  vor;  ■  nf 

q,  »)ee  Article  179,  pp.  294,  295.     The  value  of  most  comman  <>ccat* 


I  jV  f  I  lilt  for  Bolid  rect&ncvil&x  «ltc^tv,\\vt2. — vlt- 
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STABILJTV   OP  BLOCKS   OF   UASOKRT. 

In  retnimng  tcalU  for  sustaining  the  pressure  of  eartli  or  of 
water,  the  following  are  avemuo  valu^  of  g  deduced  from  the 
dimi^sions  of  actual  retaining  walls: — 

According  to  the  practice  of  British  engineers,  g^  -375  nearly. 

Acconling  to  the  practice  of  French  engineers,  q  -  from  -3  to  -25. 

The  following  is  a  method  of  deteriniuuig  the  greatest  value  of  q 
for  a  rectangular  structun-,  consistent  with  safety  fn>m  crushing  of 
Hie  material,  Inused  on  the  supposition  that  the  intensity  of  the 
prrsBiire  diminishes  at  an  uniform  rate  from  the  compressed  edge 
of  the  bed-joint  inwards,  that  the  mortar  exerts  no  appreciable 
tension,  auil  that  consequently  the  distance  of  the  centre  of 
resistance  fmm  the  compressed  edge  is  one-third  of  the  thickncsa 
throughout  which  the  pressure  is  distributed : — 

I         Let  E  be  the  total  pressure  at  the  given  bed-joint; 

^L  <  th'^h^k*^''*'  1  °^  ^^^^  ™**'  °^  ™"8<*'^''y  '^^  ^^^'^^  J°'"*'  ^"  ^p*^* ' 
^^^  /*  the  greatest  safe  pressure  in  lbs.  on  the  square  foot  (being 
^^H  about  one-eighth  of  the  crushing  pressiire) ;  then 


yss2  R  -f  f  ri-Syj  J  <;  and  therefore, 


1 


2R 


^^2     3fbL 


The  value  of  y  having  been  fixed,  let 

r  t  denote  tiie  disUnce  from  the  middle  point  of  the  bed  to  the 
point  where  the  bed  is  cut  by  a  vertical  line  let  fa)l  from  the  centre 
of  gravity  of  the  mass  of  masonry  above  it; 

W,  the  weight  of  that  mass;  and 

j,  the  inclination  to  the  horizon  of  a  line  in  the  plane  of  the  Ijed, 
connecting  the  limiting  position  of  the  centre  of  resistance  with  the 
point  directly  below  the  centre  of  gravity  before  mentioned. 

Then  the  moment  of  stability  is, 

M  =  W  ((?  =t=  r)  f  cosj"; (2.) 

le  Bigu  s  _  >  being  used  according  as  the  centre  of  resistance, 
and  the  vertical  line  through  the  centre  of  gi-avity,  lie  towards 

I  oppoa  I    ^  ^-^^  middle  of  the  diameter. 

\  the  same  mde  / 

The  following  modification  of  this  expression  is  convenient  in 
•ompariog  structures  of  similar  figures  and  different  ditaeuaiovtt-. — 


nhore  the  middle  of  tin 

bed  i  n  a  diieetton  perjMindi 

it  aad  m  Ike  weigjit  of  an  uni 

=  mwhblt - (a) 

/attar  <W|w»liag  tm.  ihe  fyur«  of 
(Ml  tfcc  aa^cs  -vfckk  Ite  <BineiMi<WB,  h,bt  L 
that  k.  eke  am^  of  obfiqniiy  of  the  oo-ordi 
to  whrt  ike  fgw  of  the  ttntbun  ie  tderred.    Intoxtdacing 
of  tte  einMtne  into  tbe  formnk  2,  we  find 
ftrflwotitofiyhahy:— 

M  =  i»(f:fcr)«iBy-tr-A»l* (4.) 

Tkis  qnantitjr  is  dnided  by  peinta  iako  ihfee  fitcton,  viz. : — 

(L)  »  (f  =±=  r)  eomj,  a  iwinaii/  /a^or,  dependtng  ou  ihejigurt 
of  the  atractqie,  the  pifiyMai  of  ita  ooKirdiiiateii>  aod  ihe  direction 
in  wludi  the  aglied  forae  tcads  to  ovettma  iL 

(2.)  w,  the  hflfteiMBof  the  iMtcnaL 

(3.)  A  6  ^,  a  gnometricel  fiiotor,  depending  oo  the  dimensions  of 
the  stnicttmL 

Now  the  fint  bctor  is  the  aeiae  in  all  »truftim!a  haTing  figures 
of  the  ome  da*,  with  ocMRdinates  of  equal  obliquity,  and  exposed, 
to  maStoAj  epptied  extemal  Caetses;  that  is  to  say,  to  all  stractaree 
^vhoee  figmea,  together  with  the  lines  of  action  of  the  applii^'d 
fioroee,  are  paraOdprofielifm*  afwth  otKtr,  with  co-ordinate  o/t^al 
Miquity.  (See  Articles  101,  140,  pi*.  150,  220.)  Hence  for  auy 
eet  of  Btructurca  which  foifil  that  condition,  the  moments  ot 
Btiil  iljty  ore  proportional  to 

Tlie  heariuess  of  the  material ; 

The  height ; 

Tlie  breadth; 

The  wquan  of  the  thicknees;  that  is,  of  the  dimension  of  the 
base  which  is  ponllel  to  the  vertical  plane  of  the  applied  force. 

The  following  is  the  general  expression  for  the  momrat,. 
relatively  to  the  liniiting  position  of  the  centi-e  of  redstataee,  of  an. 
oxtijmally  applied  force,  tending  to  overtnm  the  mass  of  masonry 
above  the  givep  bed-joint. 

L  Let  P  denote  the  magnitnde  of  that  force ; 

I  i  the  angle  which  its  direction  makes  with  the  horizoD  in 

^^B  direction  eontrwry  to  that  of  the  slope  j  of  the  bed; 

■          a/,  the  vertical  height,  and  j  °^V*«  ^^^  of  application  W 
^^  ^  *i.-  1  ..„: i.i  j^Ti.- -I      the  centre  of  raustanoe  of  tlia 


f/,  the  horizontal  distance    j      ^j, . 
~i  the  perpendicalitr  distance  c£  f  ^m.  1\a  Q(!Q.tc«  of  reiinMioe  : 


► 
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r'rAs  g — j/sin  i;  and  the  required  moment  in  given  by  the  follow- 
'tnmln,  which  alao  expresses  the  condition,  that  that  moment 
.  iicit  exceed  the  moment  of  stuhility  of  the  masoniy:— 


P  (a/ COB  *  —  y  sin  ^  .<i:  M. 


.(5.) 


XL  Stability  0/  Fridion  ifl  insured  when  the  resultant  pressure 
makes  with  a  normal  or  line  perjwnflicular  to  the  bed,  an  angle  not 

excoft'ing  the  an^le  of  repose  of  the  materials. 

L«;t  ©  denote  that  angle.     (See  Article  110,  p.  172.) 

The  angle  made  by  the  resultant  pressure  with  tho  vertical  i» 


arc  'tan 


Pco8< 
W  H-  P^in'rf' 


and  the  condition  uf  stability  of  friction  i^  given  by  the  equation, 

PcoH  » 


orc'tan 


W  +  Psin  6 


—  J 


0. 


.(6.) 


This  condition  can  always  be  fulfilled  by  properly  adjusting  the 
decli\'ity  of  the  bed-joint,  jl 

:iGL    SlaMIUy  wfa  Vrrticnl-feccd  ttuUrem  i*iUi  narlxoatnl  Beds. 

(^A.  M.,  213.) — Let  tig.  IGS  i-epreseut  a  vertical  section  of  a  buttress, 
^th  a  \-«'tical  face  C  D,  against  which  a  strut,  rib,  or  piece  of 
framework  abuts  at  C,  exerting  a  given  force  P  ju  a  given  direction 
C  A.  In  order  that  the  buttress  may  be  stable,  it  must  fullll  tho 
oonditifins  of  stability  at  each  of  its  horizontal  bed-joints.  Let 
D  E  be  one  of  those  joints. 

Should  sevenil  pressuix's  abut  against  the  buttress, 
the  force  P  acting  in  the  line  C  A  may  be  held  to 
represent  the  resultant  of  all  the  forces  which  are 
applied  above  the  particular  joint  D  £  under  con- 
sideration. 

Let  G  bo  tho  centre  of  gravity  of  that  part  of  the 
Irattress  which  is  above  the  joint  D  E,  and  let  W 
denote  the  weight  of  the  same  part.  Thi-ough  CJ 
<lraw  the  vertiod  line  AGE,  cutting  the  direction 
tS  the  lateral  thrust  in  A,  and  the  joint  D  £  in  B; 
make  A  W  =  "W,  A  P  =  P;  complete  the  parallelo- 
gnm  A  P  R  "W;  then  A  R  will  represent  tlie  result- 
ant of  all  the  forces  which  act  on  the  part  of  tho  buttress  abovo 
<Jlo  joint  D  E,  to  which  the  resultant  of  the  resistance  at  that 
joint  must  be  equal  and  directly  opposed.  A  R  being  produced, 
cuts  D  E  in  F,  the  centre  of  resistance  of  that  joint,  which  must 
not  fall  beyond  a  certain  prescribed  limit,  that  the  condition  of 


Fig.  1C8. 
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stability  of  poaition  may  lie  fulfilled.     lu  order  tliat 
of  stability  of  friction  may  be  fulfilled,  the  angle  A  F 
be  less  than  the  complement  of  the  angle  of  repose. 
In  expressing  this  algebraically,  it  Ib  to  be  obaeircd 

CD  =  x';  DF  =  y';j=0; 

and  consequently  that  equation  5  of  the  preceding 
becomes, 

P  (a;'  cos  tf  - y'  ain  *)  ^ n  (^  dt  r)  to  A  ir  (^;  ..Zi 

and  equation  C, 

tan  ©. 


Pcos^ 


n  w  h  b  t  +  F  sin  t  — 

"By  means  of  these  fuD'lamental  equations  the  followinj 
are  solved : — 

I.  The  relation  between  the  weight  and  the  dimcnsii 
part  of  the  buttress  under  conaidei-alion   being    given 
words,  the  fuctur  ?»  being  given),  it  is  required  to  find 
thickness  t  ut  the  joint  D  E  consistent  with  stjibility  of 

In  equation  1,  make  j/  —  [fj  +  Ty)  ^>  *'*<^  I'*^*'  =  instead 
then 

n{q  +  r)  to  hb  t-  =  V  (a^  COS  4— Iq  +  ^j  f  ain  f.) 

To  simplify  the  form  of  this  quadratic  equation,  inake^ 

_P^C03^^^    (?^2)P«^^_^ 

n{q  +  r)wltb       *  'Jn{q-ir)iohb        ' 
then  it  becomes 

the  solution  of  which  is 


^ 


II.  To  find  the  least  weight  of  material  above  the 
eistent  with  stability  of  friction. 

Tho  greatest  obliquity  of  presHure  oponrs  at  <''"•♦  • 
immediately  below  the  point  of  abutment  C. 
lieight  of  material  above  that  joint,  b^   the  bivjiLi., 
squired  thickness;  then, 


»toAj6o'o=I'(j2^-Kn' 


)... 
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III.   Parlumlar  Case — Rectangular   Buttress.     (A.  }[.,   214.)— 
[»  H  Jvctaii;jfular  buttress,  the  br<?udth  b  and  tliickness  t  are  con- 
it  ;  atj'l  if  Ag  be  taken  to  donoto  the  height  of  tho  top  of  th« 
: less  above  the  point  C, 

h  =•  Aq  4-  a? 

wrill  be  its  height  above  a.  given  joint.  Also,  Ix-causo  the  centre  of 
gravity  of  the  portion  alwve  any  bed-joint  is  vertically  above  the 
centre  of  the  joint,  r  =  0 ;  and  because 

ki-1. 

Th<'sc  values  being  substituttMl  in  equation  3,  givA  the  follow- 
ing results,  in  which  x  denotes  the  deptli  of  tho  base  of  the  wall 
lielow  C. 

P  z  cos  *  (7  +  .,)  P  sin  * 

►^     qw{h^  +  x)b'  2qw{ha^-x)b  ^^  '  ^    ' 

As  the  depth  x  iucrea-sva  without  limit,  the  thickness  required 
for  the  wall  appi'oachea  the  following  limit: — 


.(a.) 


which  depends  on  the  horizontal  component  of  the  applied  force 

alone. 

L  Supposing  this  ralne  to  be  adopted  for  the  thickness  of  the  but- 
HftiB,  in  order  that  it  may  be  stable,  how  deep  .<!ocver  the  base  may 
■^  below  the  point  C,  then  to  insure  stability  of  friction,  tho 

licight  of  the  top  above  C  must  have  tho  following  value : — 

;^.,,.^^;)  =  ^(^±0.  ./(-^^\ (7.) 

^      ^       Bin  9  cos  rf  sin  ^         \/  \tooco8i/  ^    ' 

Instead  of  tlio  rectangular  mass  h^  b  t,  there  may  be  substituted 
a  pinnacle  of  the  Kimc  weight,  and  of  any  tigijre. 

2Co.    IMabilitr  of  Beutinlng  or  RevetcnaeBl  Wnlla  *■  Gcnctml.  (A.3f,, 

,217.) — Figs.  1G9  and  170  represent  vertical  sections  of  retaining 
^alls  against  which  Iwinki*  of  rairth  abut.  In  each  figure  a  vertical 
layer  of  the  masonry  and  of  the  earth  is  supposed  to  be  considered, 
^whose  length  is  unity.  D  £  is  the  base  of  the  layer  of  masonry,  F 
the  centre  of  resistance  of  that  base,  B  a  point  vertically  below  G,  tlio 
centre  of  gravity  of  the  weight  which  rests  on  that  base,  AW  a 
line  representing  that  weight,  A  P  a  line  representing  the  thrust 
of  the  earth;  A  JR,  the  diagonal  of  the  parallelogram  A.T?  ^^ ,  \*  * 

2d 


.££ 


Fig.  ICO. 

In  each  figure,  D  O  is  a  v«»rtical  plniic  I- 
D  of  the  baee  of  the  wall^  and  cutting  tbt 
tl>o  bank  in  O.  In  fig,  1 G9,  the  whole  u 
tliat  vortioU  plane;  wj  tliat  the  weight,  re 
W  simply),  which  \v»t«  on  tho  base  D  E, 
the  niasiinry  Uxji-tlur  with.  tJw.  vsfitjht  of  ti 
(riiprist-ntoil  by  U  LM),  whicfi  it  vcrticaUi/  > 
tht'  common  centre  >•}"  fjnmty  of  tlic  cum 
and  earth,  whirh  is  sitnntcd  in  front  of  th< 

In  fig.  170,  on  the  ullicr  hmul,  a  }iart  uf 
by  D  L  O,  lio»  beJiind  the  plunu  O  D.  If  tl 
of  earth,  itd  weight  Wiiuld  Ixi  supported 
thejvforo  the  eartli  l>onottth  that  prism  cxc 
upwanls  sufficient  to  ausbvin  tho  weiglit  i 
volume  equal  to  that  of  theprism  of  mason 
represented  by  A  W  (or  by  W  simply),  whi 
oonRists  of  the  weight  of  tho  masonry  in 
wall,  l^ad  the  weight  of  earth  which  would 
oommon  centre  of  cmTibr  of  the  lUBOiirf 

A*  «  *^  ■^ 3 -    -*■  '  —  -^-^~JL 


STABIUTT   OP  REXAIXIXO    WAIXS. 

*he  Tertical  deptli  0  D  multiplietl  by  the  ratio  of  the  conjagatej 
^■Bures  at  a  poiut, 

p'  _  coa  rf  —  ,y  (CQg^  i  ~  C06°  «) 
p  ~  cosi  +  J  (cob*  6  —  cos- «i)' 

!sicb  ratio  depends  on  the  elope  i  of  the  biink,  and  angle  of 
pose  9  ;  and  that  the  resultant  of  tliat  pressure  traverses  0,  ut  the 

x>v©  D.     For  the  sake  of  brevity  (»/  being  the  weight  of  unity  of 
>Iume  of  tlie  earth),  let 

P 
w  C08  S-  =to.; 

P 


[>n  18  of  Article  183,  p.  324,  becomes 
2   


•0) 


has  to  be  multiplied,  as  in  Article  203,  by  the  porpes- 
tlistance  of  F  frmn  C  P,  to  give  thi'  loomeut  of  the  couple 
tends  to  overturn  the  wall.     Let  t  be  the  thickness  D  E, 
I  j  the  angle  of  inclination  of  D  E  to  the  horizon ;  then  the  arm 
[the  couple  in  question  ia 


~8 


^  V  "*■  s)''^"^""^-^^' 


being  multiplied  by  the  force  P,  and  equated  to  the  moment 
atability  of  the  weight  whicli  resta  on  the  baae  D  E,  gives  tho 
llowisg  condition  of  stability  uf  podlion : — 

Vfigzi=^fcoaj  =  -i—^ ^  (?  +  J  am  (tf +i)..(2.) 

Dw  suppose  (as  in  Article  2G3,  p.  398)  that  W  bears  a  definite 
0  n  to  the  weight  w  xt  •  cos  j  of  a  nwtangle  of  masonry  whose 
i^t  uk  O  D  =  X,  and  its  brutdth  tho  horizuntal  distance  of  E 
tm  OH,  t  co^j;  then  the  iirat  aide  of  equation  2,  being  the 
jQBcat  of  stability,  becomes  as  follows : — 

^^m  n  {q  :^  qf)  w  X  fi  cos' j, 

PDhide  both  aides  of  the  equation  by 

h  n  {q  ■:±z  tf)  w  a^  coi^  J, 
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and  for  brevity's  sake,  let 

IB.   •  COS  t 

6  n  (^  rfc q)  w cos'j       ' 

ttf,  (9  + J  sin  (*+;■) 

_    ^ -^^ _  t , 

4  n  {q  =t  q)  w Cos* J        * 

theo 

t-  t 

y-'-'-'i « 

and  consequently 

-  =  JirTb^-b ^1, 

The  inclination  of  the  resultant  A  R  to  the  vertical  is  given  kf 

equation 

tan^WAR  =  ^,^-^-'- ....(■ 

\N    4-  P  bUl  tf 

When  the  base  D  £  is  hoiizontal,  this  should  not  exccod  tho  tui 
of  the  angle  of  rejiose.     When  that  liase  is  inclintHl  nl  the 
the  condition  of  frictional  stability  is  thus  cxpn»sed: — 

^WAR-i^O'j 

<lf  being  the  angle  of  repose  of  the  foundation  of  the  wall. 
The  ol>j«.»ct  of  giving  the  bast)  of  the  wall  iin  inclined  \Kmi 

to  dtniiniah  the  obliquity  of  the  pressui-c  on  it,  and  so  to  cnoblr 

condition  of  frictional  stability  to  be  fullille*!. 

As  to  the  vulucs  of  >]  in  practice,  see  Article  263,  pp.  306.  ^9'- 
2('>0.    Mtabllilr  of  Vprl«lit  KcciaBSBtor  Itt'tainiMS   WaSU.     {A-  i(< 

218.) — In  a  vertical  rectangular  wall,  n  =  1,  q'  =  0,j  =  0;  80  thai, » 

eqimtions  3  and  4  of  Article  2G5,  ^ 

«=   Gyto   ''^  =  ^1  [q  +  ^jsmf-iqto ^..1 

Case  L  When  tit©  surface  of  the  bank  b  horixontal,  "O  iliftt  '»^ 
then 

w,  =--  to  -z ; —  ;  0  =  O; 

*  1  +  6in  f 

tad  the  pro^iortiou  of  IW  t\ac)axQeft  <A  xW  ^inLlL  to  ita  Uci^ht  ■!< 


8TABIUTY   OF  RETAINDfa  WAIJA 
'  -     i~  -   \   /  {     ^  (^—81°  »)     \ 

i  -  V  *  -  V    I  6<7tt>(l+8inf)  J 
ion  5  of  Article  205  becomes 


4U5 


.(2.) 


tan  .^  W  A  R  = 


W"2«;« 


/  /  .3  7ttJ'(l-8in#)) 


.(3.) 


I  the  material  on  which  the  wall  rests  is  the  same  with  that 
fee  bank,  we  may  assume  f'  =  f :  in  which  case,  by  squaring 
jtion  3,  and  attt^ndiiig  to  the  fact  that 

,     »  sin- «  /   siu  ^   \'   1  — Bin* 

1  -  sin-  *       \  1  —  sin  f  /     1  +  sin  r 

}tain  the  equation 

3  7  it'        /  gin  »  y  ..  . 

2m    ~\\-%m^)  ^    ' 

ig  that  the  Ki>ecitic  gravity  of  the  earth  is  four-fiftha  ol 
jof  the  masonrv,  or  xn  —  jo'  =  5  —  4,  we  Gnd  tlwt  tliis  equation  is 
*  for  the  oi"dinary  value  of  q,  3-^8,  so  long  as  v  exceeds  24*. 
Id  equation  4  not  be  fulfilled  for  7  =  3  --  8,  a  smaller  value  of 
be  determined  by  the  following  equation : — 


2  w    /   sin  e  V  .- . 


introduced  into  equation  2  to  find  the  ratio  i^x. 

IfiE  U.  When  the  surface  of  the  bank  slopes  at  the  angle  ot 

le  f,  then  v:^  =:  to'  cos  f ,  and 


tC   cos-  |) 

6  9  10 


]&: 


G^D"'' 


COB  ^  Sin  f 


4  9  to 


.(G). 


▼alaes,  being  introduced  into  equation  4  of  Article  265, 
I,  give  the  ratio  t-^x. 

Stablllir      «r     B««lcriBg-fitcc4     Belstaias     Walla<       (^.    J^., 

'In  fig.  171,  let  £  Q  represent  the  veitical  face  of  «.i«x:\r 
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angular  wall,  Biiitod  to  sustain  the  thrust  of  u  given  Mnl 
F  be  the  centre  of  resistance  of  the  base. 


Q  N  =  3  E  F=  3 


G-')'^ 


then  the  eei 


gravity  g  of  the  triangular  prism  of  in| 
E  Q  N  will  be  verticaUy  above  the  om| 
resistance  F ;  theroforo  if  that  prism  be  rat 
BO  as  to  rwiuce  the  crnss-section  of  the  w^ 
trapezoid  with  a  bnttcring  face  E  N,  the  podl 
the  centre  of  resistance  F  will  not  be  altera 
the  wall  will  still  fuMl  the  condition  of  stabj 
position,  the  thickness  t  being  determined 
a  rectangular  wall.  The  tliiclaiess  of  the  ^ 
the  summit  is 

(3.-J)<. 

The  tangent  of  .*i:  W  A  R  (the  inclination   of  the 

pi-essure  to  the  vertical)  is  increaseti  in  the  ratio  -  +  -^  :  Ij  i 

it  may  in  some  caaea  be  necessary  to  make  the  base  olopo 
wards,  as  iu  lig.  170. 

268.    StablUtr  aT  Baucrias  Walla  mt  UBllana  ThlckacM.      (4 

220.)— When  a  wall  foi 
liorting  a  horizqiUal-topp«i 
is  of  uniform  thickness,  a} 
a  alo}uns  or  curved  face,. 
ligs.  \1'1  and  173,  its  m 
of  stability  may  be  deter 
with  a  degree  of  accunic] 
cient  for  practical  purpo 
the  following  manner ; — 
Let  E  Q  in  each  figure 
sent  the  vertical  fjoce  of  \ 
angular  wall  of  the  same  I 
a;  and  thickness  t  with  tli 

posed  wall,  and  let  g  be  the  centre  of  gravity  of  that  rsctm 

wall.     Then 

will  be  its  moment  of  stability  per  unit  of  length. 

Divide  the  area  E  Q  N  included  between  the  veitical  faa 
,  and  the  face  of  the  proposed  wall,  E  N,  by  the  height  a:.     TI 


Fig.  178. 


it 


J 


RKIAINtlfC  WAXX9 — OOUKTISRFORTS. 
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■will  be  the  distance  of  the  centre  of  gravity  G  of  tlie  sloping  or 
<:urveJ  wall  iVoin  that  of  the  rectangular  wall;  and  tlic  change  of 
fi^ire  will  increase  the  stability  in  the  ratio  ?  +  ff' :  <?;  that  is  to 
say,  the  moment  of  stability  will  now  be 


If  £  N  is  a  straight  line  (gg.  172), 


(2.) 


q't  = 


2   • 


.(3.) 


If  £  If  is  a  parabolic  arc, 


n't       2QN- 


.(4.) 


a  fonnnla  which  is  also  sensibly  correct  when  £  N  is  an  arc  of  & 
circle. 

Walls  with  a  "  curve<l  batter"  are  usually  built  as  shown  in  fi^ 
174,  with  the  bed-joints  perpendicular  tri  the  face  of  the  wall. 
Thia  diminishes  the  obliquity  of  the  pressure  on  the  base. 

2G0,  Coaaierferia  (,1.  M,,  222)  uFc  projections  from  the  inner 
lace  of  a  retaining  wall.  A  wall  and  its  counterforts,  if  the  bond 
of  the  masrtury  is  well  preserved  by  means  of  long  bond-stones 
connecting  the  countt'rlbrts  with  the  wall,  are  equivalent  to  a  wall 
buying  successive  divisions  of  its  length  alternately  of  greater  and 
of  leso  thicknesa.     The  moment  of  stability  of  such  a  wall,  per 


^l 1 ^ 

[U 'o 

tr J . 


'^^ 


Hi.  171. 


L 

Fig.  176. 


unit  of  length,  when  the  wall  ia  weU  bonded,  may  be  found, 
witli  sufficient  accuracy  for  practical  pui-poses,  by  adding  together 
llie  moments  of  stability  of  one  of  the  parts  between  two  ooun- 
tciforta,  and  of  t->uL'  of  the  parts  whose  thickneaa  \&  a.xx'gLOfitiUA 
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by  tliG  addition  of  a  counterfort,  and  dividing  the  snm  ly  tk 
length  of  those  two  ])arts. 

For  example,  let  tig.  175  represent  a  portion  of  the  platLVi 
zontal    section,  of  a  vertical   rectangular    retaining  mil  ^ 
height  is  h,  with  a  row  of  rectangular  counterforts  of  tk  i 
height  with  the  walL     Let  <  =  F  £  be  the   thickness  of  i  ( 
of  the  wall   between   two  counterforts,  and   b  =  E  D  its  ki^ 
let  T  =  A  B  be  the  thickness  of  a  counterfortcd  part  (^de^ 
inchiding  the  counterfort,  and  c  =  B  C  its  length. 

The  moment  of  stability  of  the  first  part  is 

q  w  hb  t- ; 
and  that  of  the  second  part, 

g  to  A  c  T=. 

Adding  together  tliose  moments,  and  dividing  their  sam  bj  i 
total  li'ugth  6  +  c  =  A  F,  the  mean  moment  of  stability  per  nnit  ( 
length  is  found  to  be 

gwh-     J-— U-J 

Tliis  is  the  same  with  the  moment  of  btubility  per  unit  ot 
of  a  wall  of  the  uniform  thickness, 


<,.-. 


^{'4^. 


bi^  +  c^) 


which  may  be  called  the  equivalent  uniform  trcUl. 

The  quantity  of  masoniy  in  the  counterfortcd  wall  is  to  tb 
quantity  in  the  equivalent  uniform  wall  in  the  ratio 

6 « +  c  T  :  (6  +  c)  <i, 

which  is  always  less  than  unity;  so  that  there  is  a  saving" 
mosomy  (though  in  general  but  a  small  one)  by  the  use  of  counte^ 
forts. 

270.  tarchugcd  Rdalatag  Wall. — ^This  term  is  applied  to  a  mS 

for  Hup]X)rting  a  bank  of  earth  which  rises  from  the  top  of  the  tnO 

at  the  natural  sloj*  for  a  certain  height,  called  the  fmght  n/tk 

surcharge,  beyond  which  it  is  horizontal.     The  thrust  of  such  a 

bank  is  intermediate  in  amount  and  in  direction  between  that  cf 

I  horizontal-topped  bank  and  that  of  a  bank  with  an  indefinitdy 

3ng  natural  slope. 

'nie  following  formula  senres  to  compute  approximately  tlM 

licknen  of  an  upright  rectongalar  retaining  wall  fiar  anpportiqi 


a£TAl.VI>'0   WALIJ. 

I-et  jt,  as  liC'foi\',  denote  the  height  of  tlie  wall, 

e  the  height  uf  the  surcharge, 

I  the  thicknesii  required  to  8\isUun  a  horizontal  bank,  u 
computed  hy  eijimtiou  2  of  Article  2GG,  p.  405, 

t  the  thicknes.s  n.'(juirt:d  Ui  susUiiii  a  hauk  with  an  inde- 
finiU-ly  long  natiinil  slope,  as  computed  by  e<)uatioua  6  of 
Article  2GG,  p.  405,  and  4  f»f  Article  2G5,  p.  404,  . 

t'  the  thjckuees  i-o<^{uiivd  for  the  surchaiged  wall,  then 


!•  = 


x  +  2o 


,  nearly. (1.) 


t' 


When  the  foot  of  the  slope  of  the  bonk  rests  on  the  top  of  tio. 
wall,  nearly  abo\-e  the  centre  of  reslstonoe  of  the  ba«e,  the  follow^* 
ing  fonntila  may  be  used ; — 

C.A/f-X)Y^-^  +  2c)^(x-.2c)....(2.) 

271.  CooMTHction  ar  Bciaiains  Walla. — The  foundation  courses  of 
petuitiing  walls  have  their  width  increased  beyond  the  thickness  of 
the  wall  by  a  wries  of  steps  in  front,  as  shown  in  figs,  171  and  174. 
The  olijecte  of  this  ai-e,  at  once  to  distribute  the  pressure  over  a. 
greater  area  than  that  of  any  bc<l-joint  in  the  body  of  the  wall,  and 
to  diil'uae  that  pix'ssnre  iniJi-e  equally,  by  bringing  the  centre  of 
resistance  nearer  to  the  middle  of  the  base  than  it  is  in  the  body  of 
tlie  wall,  according  to  the  principles  already  explained  in  Section 
IV.  of  this  Chapter.  jMige.^  .377  to  382. 

The  body  of  the  wall  tiuiy  bo  either  entirely  of  brick,  or  of  ashlar 
Itiick'-d  with  brick  orwitli  rubble,  or  of  block-in-cour»e  backed  with, 
rubble,  or  of  coursed  rubble,  built  with  mortar  or  built  dry.  As 
tlw;  preswure  at  each  bed-joint  is  concentrated  towards  the  face  of 
the  wall,  those  combinations  of  masonry'  in  which  the  larger  and 
utorc  regular  stones  form  the  face,  and  8u.staiu  the  greater  f>art  of 
the  pixjssure,  and  are  backed  with  an  inferior  kind  of  masonry, 
whose  ost.'  is  chiefly  to  give  stability  by  its  weight,  are  well  suited, 
for  retaining  walls  (soo  Article  24(!,  p.  387),  special  cjire  biiug  taken 
that  the  back  and  face  are  well  tied  together  by  long  hc'aders,  and 
tJmt  tlie  beds  of  the  facing  stones  extend  into  the  wall  to  a  distance 
of  about  as  far  inwards  from  the  centre  of  pressui-e  at  the  base  of 
the  wall  as  that  centre  of  pn-ssuro  lies  inwards  from  the  face. 

Along  the  base  and  in  front  of  a  retaining  wall  there  should  run  a 
drain,  like  that  at  the  foot  of  the  slope  of  a  cutting.  (See  Article  193, 
p.  336.)  In  order  to  let  water  escape  from  behind  the  wall,  it  haa 
1  upright  oblong  of>ening8  through  it,  called  "  weeping- holes," 
'kich  are  usually  two  or  three  inches  broad,  and  of  the  depth  of  a 
ooano  uf  mofioorv,  and  are  distributed  at  regular  dUUuvcQ»f  «ax 


thoa«  At  Unb  fUA  Uid  tSBSX: 

Wlien  the  material  at  the  \)H 
gravol,  so  that  water  can  pass  thr 
woopinR-holes,  it  is  only  neccssai^ 
tlosoribcd  Id  Articles  198  and  200, 
is  retentive  of  water,  liko  clay,  a 
gravel,  at  least  a  foot  thick,  or 
placed  at  the  buck  of  tho  rctainiiij 
tnasoniy,  to  act  aa  a  drain. 

A  oatchwater  drain  Ix^hind  a  re 
may  oitlior  havo  an  inilejiendent  o 
through  pipes  into  the  cln»in  in  fn 

When  <.!i«  inatoritU  at  the  Imck 
tion,  and  liable  to  be  reduced  to  < 
with  water,  and  thera  are  no  mea 
by  efBcient  diuinago,  one  way  of 
additional  pressure  which  may  ari 
cuiato  the  requisite  thickness  of  w 
making  ^  =  0  in  the  foi-muln}. 

Another  way  of  providing  acai 
Btruct,  sloping  against  tho  back  t 
stone  or  of  coarse  gravel,  whoso  i 
the  presence  of  water,  and  then  tc 
pressure  against  the  wall  in  this  i 
exceed  that  of  a  l^ank  of  tho  firm 
own  angle  of  repose. 

The  subject  of  ^olic^^ng  rotainil 
of  arches,  and  that  of  securing  t 
4i  iiiaiiiy  ^"  —»-»«—  ,_„..^.^j__,iu_; 
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to  pperent  its  being  disturbed  by  the  operations  of  excavation, 
bnilding,  and  embaaking,  connected  with  the  erection  of  tlie 
■vralL 

The  holding  power,  per  foot  of  breadth,  of  a  rectangular  vertical ' 
onchoring  plate,  the  depths  of  whose  upper  and  lower  edges  below 
the  surface  are  respectively  a7j  and  Xj^  may  be  approximately 
calculated  from  the  following  formula: — 


Let  10'  be  the  weight  of  a  cubic  foot  of  the  earth; 
P'  its  angle  of  repose ; 
H,  the  holding  power  per  foot  of  breadth;  then 


U. 


I 


The  depth  of  the  ceuti-e  of  pressure  of  the  plate  below  the  sur- 
face of  the  ground  is  given  by  the  following  espresaion : — 


2.aj-a;?. 
3    a3-a?' 


.(2.) 


''to  that  centre  the  tie-rod  should  be  attached. 

If  the  retaining  wall  depends  on  the  tie-rods  alone  for  its 
security  against  sliding  forward,  they  should  be  fa.stened  to  plates 
on  the  fuco  of  the  wall  in  the  line  of  the  resulttint  pi-essure  of  tha 
earth  behind  the  wall ;  that  is,  at  one-third  of  the.  height  of  the 
wall  ul)ovo  it3  base.  But  if  the  resistance  to  sliding  forward  is  to 
be  distributed  between  the  foundation  and  the  tie-rods,  they  are  to 
bo  jilaced  at  a  higher  level ;  for  example,  if  half  the  horizontal 
thrust  is  to  be  borne  by  the  foundation,  and  half  by  tho  tie-rods, 
the  latter  should  be  fixed  to  the  wall  at  two-thirds  of  its  height 
above  the  base.  I 

273.  SoraiM  ftr  BcMlalBB  Walla.— The  base  of  a  retaining  wall  I 
xatkj  be  prevented  from  sliding  forward  by  a  series  of  horizontal 
struts  of  masonry  or  brickwork,  abutting  against  rectangular 
maaaca  whoso  resistance  to  displacement  dejiends  on  the  same 
principles  with  the  holding  power  of  anchoring  plates,  stated  ia 
the  last  article. 

When  a  cutting  in  soft  ground  has  a  retaining  wall  at  each  side 
of  it,  the  foundations  of  the  wtills  may  be  kept  asunder,  and  thuv 
prevented  from  sliding  forward,  by  means  of  a  series  of  inverted 
arches  extending  between  them,  across  and  below  the  base  of  thft 
cutting,  so  as  to  act  as  transverse  struts. 

Tho  upper  parts  of  such  walls  may  also  be  held  asunder  by 
lightly  arched  ribs  of  cast  iron  or  of  brick.  These  ribs  alnit 
5t  the  walla  at  about  two-thirds  of  their  height  above  their 
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274.  BelievUiv  ArcbM. — A  row  of  orcbes  having  tbeir  axt 
the  faces  of  their  piers  at  right  aaglcti  to  the  face  of  «bii 
c-irth  are  called  "  relieving  arches."  I 
;uay  be  either  one  or  several  tiers  of  th 
and  their  front  eudd  may  be  closnl  b 
vertical  wall,  which  thus  presents  tbei 
pcarance  of  a  retaining  wsdi,  altbou^^ 
length  of  the  archways  is  such  utop 
^      vent  the  earth  from  abutting  againrt* 
^     rig.  175  represents  a  vertical  traniw* 
-      section  of  such  a  wall,  with  two  tiei»«i 
relieving  arches  behind  it.     To  comi^l 
the  length  of  a  relieving  arch  ftoo  * 
clear  height,  or  its  clear  Iiciglit  from  *  | 
length,  the  following  appn>ximate  formulte  may  bo  used,  invbia 

X  denotes  the  deptli  of  the  crown  of  an  arch  below  the  boi&c^ 

h,  its  clear  height, 

I,  its  length,  and 

jt,  the  angle  uf  ix>i)ose  of  the  esirth. 


FiK.  176. 


I  -  cutan 


(P  ^A- 


h-l'  tan  ^  — 


(1  -»■  sin  •? )' 

X 

(1  +  sin  *)3 


^> 


To  determine  the  conditions  of  stability  of  siich  a  structxureait 
whole,  the  horizontal  pressure  agaiiLst  tho  vertical  plane  O  D  may 
be  detennined,  and  cum{)0uuded  with  the  weight  of  the  comlnDn 
mass  of  masonry  and  cui-th  O  A  £  D  in  front  of  that  plane,  to 
find  the  resultant  pressure  on  the  base. 

In  soft  groimd  the  bases  of  the  piers  of  the  lowest  tier  of 

elicving  ardies  should  be  connected  by  means  of  inverted  arches, 

j^  yi  SO  as  to  distribute  the  prca- 

■^ rQ"^VrNlLrcT^'n:?>_<crPl7>i_-rt^  ""^  °^®'  *'*®   whole  area 

'*<i~V^    ^^tY^^^WY^^^fY^  covered  by  the  structure. 

275.   BaitrCMcd  B[«Hm» 

tal  Arches. — Fig.  176  re- 
presents a  plan,  or  horizontal 
section,  of  part  of  a  row  of 

tresses,  connected  by  horizontally  arched  walls. 

'o  find  the  thickness  T  s  D  ^  required  for  such  buttrefltw^ 


u  u  u  u 


Fig.  176. 


denote  A  B,  the  Inpeodth  of  the  maia  of  earth  which  oa» 
H»ttnw  has  to  nutun; 
^iividtii  of  the  boMMM  \ 


BUTTRESSED  WALLS — ARCHES   OF  MASONRY. 
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tf  the  thickness  which  would  be  required  for  an  uniform  wail, 
to  sustain  the  same  bank  of  earth,  computed  as  in  Article  '2G6, 
equation  2,  p.  405 ;  then 


■=iVT*=^*5- <^> 


In  soft  ground  the  bases  of  the  buttresses  may  be  connected  by 
means  of  inverted  arches,  to  distribute  the  pressure;  ami  their 
tops  may,  if  necessary,  be  connected  by  iiieana  of  arches,  in  order 
to  support  a  j)latforni,  or  a  surcharged  bank  of  earth.  In  the  laist- 
mentioncd  case,  f  is  to  be  computed  u-s  in  Article  270,  p.  409. 


Sectiox  VIII. — 0/ Stone  and  Brick  Ardieg. 

27C.  Oraernl  Stniciare  of  Arch**  •€  Hunr,  {A.  3f.,  223.) — An 
aivh  of  masonry  consists  of  a  sector  of  a  riuy,  con»iK»sed  of  courses  of 
wedge-formed  8t<)ne8,  called  ardi-stonea  ovvousumrs,  pressing  against 
each  other  at  surfaces  called  bMjoint^,  wliich  are,  or  ouglit  to  be.  per- 
pendicular, or  nearly  perpendicular,  to  the  #o//tV,  or  internal  concave 
surface  of  the  arch.  The  soffit  is  also  called,  in  matheraaticiU  lan- 
guage, the  intratit^g.  The  word  extrados  is  applied  sometimes  to  the 
up|K?r  surface  of  the  ring  of  arch-stones;  sometimes  to  that  of  the 
solid  masonry  or  backinjj  alwve  them ;  sometimes  U>  that  of  the  entire 
rnitBB  of  permanent  loading  material.  (See  also  p.  203.)  The  outer 
or  convex  surface  of  the  ring  of  arch-stones,  which  may  l)c  either  a 
curved  surface  or  a  series  of  steps,  sustains  the  vertical  pressure  of 
that  part  of  the  load  wliich  arises  fi-oui  the  weight  of  materials 
other  than  the  arch-stones  themselves ;  and  that  outer  surface  also 
exerts  in  many  cases  a  hoi-izontal  or  inclined  thrust  against  the 
fpandriljt  and  ahuiments.  The  abutments  sustain  aLso  the  thrust 
of  the  lowest  voussoirs,  vertical  or  inclined,  as  the  case  may  lie. 
Tho  course  of  stones  from  which  an  arch  springs  is  called  the 
tpringing-courae  or  akew-back,  the  latter  term  being  used  when  its 
upper  and  lower  beds  are  oblique  to  each  other.  Sometimes  an 
arch  springs  at  once  from  the  ground,  so  that  its  abutments  are  its 
foundations. 

A  wall  standing  on  an  arch,  in  the  plane  of  the  arch-nng,  is 
called  a  spandril  icall.  The  arch  of  a  bridge  requires  a  pair  of 
externai  sjmndrU  toalU,  one  over  eachyacc  oi  tho  arch;  the  space 
between  them  is  filled  up  to  a  certain  level  with  solid  masonry,  and 
above  th.tt  level  it  is  sometinn^  liUed  with  eiirth  or  rubbish,  and 
sometimes  occupied  by  a  series  oiintemtil  lepandril  walls  parallel  to 
the  external  spandril  walls,  and  having  vacant  spaces  between 
them — a  mode  of  construction  fiivoui"able  both  to  stability  and  to 
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ligbtneat.     In  order  to  form  a  continiiouH  pUtfonn  for  Um  nti- 
tray,  the  apaces  between  the  internal  spandnl  wall«  are  snrn.tiu.n 
covered  with  flags  of  sorao  strong  stone  (such  as  slate),  at. 
times  arched  over  with    small    transverse  arcbea.     Tlie 
spandril  waUs  are  the  aVuitmenta  of  thoee  archcR,  and  mw 
atability  sufficient  to  su»tain  tbcir  thnist:  when  the  Hpati<: 
filled  with  earth  or  rul>bi»h,  the  external  sptindril  walls  m 
stability  sufficient  to  withstand  tlie  jm-jwitrc  of  the  filling  nmuruu 
277.   MwTy  •!"  Arcbea — Backing. — The  drsoriptinii    of  nuMOQlJ 

used  fur  arches  is  either  ashhu*  or  block-in-ooune ;  the  Wtin  ' 
periieudicular  or  nearly  perpendicular  to  the  direction  of  the 
through  the  arch-ring,  and  the  side-jointa  pernendicidar  to  the 
and  to  the  soffit.  lu  common,  or  square  ardics,  in  which  the  axb 
of  the  archway  is  perpendicular  to  each  face  of  tho  arch,  the  l>ed- 
joints  are  plane;  in  oblique,  or  tkew  arches,  they  arc  currod 
naxtueM,  shaped  according  to  principles  which  will  be  ejcplainnd  ia 
n  latar  article. 

The  |*i-iiiciplo»  according  to  whicli  thu  uiaMiur)'  of  arched  ia  tolM 
built  nre  in  other  rc,<![)ects  the  same  with  tliono  already  expLuxKd  i& 
Articles  242  and  243,  pp.  384  to  386.  Si>eciul  care  is  to  b«  Ukn 
to  cut  and  lay  the  bedij  of  the  stones  accurately,  and  to  make  the 
bed-joints  tliin  an<I  close,  in  order  that  the  atx:h  may  be  stiftioad 
ma  little  as  possible  by  nettling.  To  insure  this,  some  engineoni  hara 
caused  nrches  to  be  built  diy,  ffrout  or  liquid  mortar  being  after- 
wardii  nui  into  the  joints;  but  the  ad\'ftnt«ge  of  this  toeUiud  il 
doubtftil.  Othoifi  have  placed  sheets  of  lead  in  the  bed-jouit%  lo 
distribute  the  pressure  between  the  stones. 

The  backing  of  an  arch  consists  of  block-in-couTBc,  oourwjd 
rubble,  or  random  rubble,  and  sometimes  of  concrete.  Wbrtn  the 
liiicks  of  the  arch-sUjoee  are  cut  into  steps,  the  Uickiog  is  biiilt  in 
eoiuies  of  tho  same  depth  with  those  steps,  and  thus  bonded  with 
Hum,  Sometimes  the  backing  is  built  in  radiating  oouma,  wbosa 
beds  are  prolongations  of  the  bed-joints  of  the  aiTh-stonea.  Both 
theac  methods  are  favourable  to  sti^ength  and  stability. 

The  height  to  which  the  solid  backing  should  Ix*  built  is 
regulated  by  principles  which  will  be  explained  in  subsuqoent 
articles. 

The  uppor  surface  of  the  backing,  and  of  that  part  of  tho  arob,  if 
any,  iionr  the  crown,  which  is  witliout  backing,  is  coatod  with  a  laysr 
of  wnterjiroof  material,  such  as  clay  puddle  ( Ai-tJclo  206,  p. 
mixtH^l  cement  (Article  231,  p.  374),  or  bituminous  oo: 
(Article  234,  p.  37  G);  the  hut  being  the  best.  Any  nin 
which  penetrates  the  structure  above  the  arch  flows  to  the  vall«3r8 
or  lowest  {iart»  of  this  coating,  whence  it  is  carried  away  by  tuhei 
or  other  convenient  outlets. 


BRICK   ARCHES — CENTEBI 


4l6 


V)«\f'*  >  .  ,,,. 

arc\» 

'•  first 

in  ^^ 

t^'le,  is 

nay  he  built  cither 
tta^HiUed  or  inibbcd  so  ae  to  aai 
the  continDn  ahape.     Ii 
•^'t  .    .,  the  bricks  are  the  same 

(Article  '25o,  p.  394);  iu  the  latter,  U 
to  til e  curved  figure  of  tho  arcli  by  nit 
towards  the  inti-ados  than  towards  the 
«  i»  »harp,  by  driving  thin  pieces  of  a 
f  tliow  joints  ;  and  different  methods  arc 
Tlic  most  common  way  is  to  build 
nng>i,  each  half-n*brick  thick :  this  is,  ii 

1  Htretchers,  and  to  depend   upon  the  ^  a.-    • 

or  cement  for  the  connection  of  the  sev4  "*  .c  r      -?  *'JO 

in  strength,  unless  tlio  bricks  are  laid  ij  6tiV^>j-^^J;hat 

ions  a«  tliemselvea     Another  way  is  to  il 
ws  -  :il8,  8o  as  to  conucct  pairs  "of  '. 

1)6  done  either  by  thickening  fi| 
■  a  pail-  uL  luill'-brick  rings  with  pieces  of  slati^ 
B  the  same  number  of  courses  of  stretchcra 
(two  courses  of  headers;  or   by  placing  t\ 
at  tiuch  distADces  apart  that  between  each 
wll  Ix?  one  course  of  stretchers  more  in  the  out* 
Dg.    The  former  method  is  the  best  suited  to  a 
Lb«i  latter  to  those  of  short  radius.  , 

kiron   Ix.tid   (Article   2^6,   p.    395),   laid  roui{ 
half-brick  ring?,  as  well  as  longitudinally  and 
ful  for  strengthening  brick  arches.     The  band 
ich  travcj-ae  the  ni-ch  radially  may  be  bent,  and 
lerl-joints  of  the  backing  and   spandrils.      By  \ 
bond  Sir  Morc-Isambard  Brunei   built  a  hal 
id  in   strong  cement,   which  stood  projecting  >  ^ 

It  like  a  bracket,  to  the  distance  of  60  i'eet,  unii 
k1  by  its  foundation  being  undermined.  \ 

Use  •f  Ctmnea, — A  centre  is  a  terajxjrary  structure  a 
(bat  most  commonly  of  timbc;r),  by  which  the  voui 
are  supported  untU  the  arch  is  completed,  and  cal 
ig  itself.     Tlie  pinnciples  of  the  strength,  atabilil 
(tion   of    centres   will    be    explained   under  the  M 

fw  conMHft*  of  parallel  firaraes  or  rlf.'S  about  6  or  6  feet  \ 
to  a  figure  jwiniliel  tti  that  of  the  i^oilit  fk 
series  of  transverse  planks  called  ioyffi 

»uh  ilie  tirthstones  directly  rest^  \ 

deet  and  most  common  kind  of  centre  is  one  ■whitli  ca-"vi-. 

or  "  struck  "  all  in  one  piece,  bj  driviug  ou^i  -wedaca  tt<v 


ecrovi"^,,    Llic  pro. 

arcV^\.  ^^Hbiited 

»et^^'  'i  is  a 

'i  ^  ivd  as 

oi  ^^  I  f^'oiftt  in 

and  kj  //«  real 

J'-o^i.  or 

ftvc    ^»  arch 
the   ^'cre  is 

goA^t^a.vn 
*?=5^Gry 

pc      >turo 
^«,  bad, 

F  ^  of 
e  V»at 


perpctw  a,^  jj^ph  abutting  aguiiist  of^f 
througJt  13  tonncd  an  "  abutment-|>i 
jind  to  cient  stability  to  act  as  an  abut 
of  the  go,    f,iHe»rPr(!Marcalii  na  Arch 

jointfl  .^_If  ,1  Btraight  lino  bo  ilrawi 
8umcj,.,.j,jg^  reprcsentinij  tlio  jwiaition 
a  late,  pressure  at  that  joint,  the  stmi 

.h,  and  rach  of  the  angles  of  that ' 
biult  jjjn  Qf  i)^Q  resultant  external  1"otc( 
AtliCg  between  the  pair  of  joints  to  w 
I'**  J^Jlygon  correspond  J  so  that  the  p 
"*'Y.'''^™®>  l'>ftded  at  its  angles  with  t! 
•"  ''^ones  (their  own  "weight  included 
cnti.'ijjygQjj^  so  as  to  touch  all  its  sidefl, 
^'^'*"'ch.  Tho  smnllor  and  thn  innro 
^'''*Vhicli  the  arch-ring  ia  subdivided, 
^'^*on  coincide  with  the  curve;  and 

Represents  an  ideal  linear  arch,  vrh 
•^".hc  continuously-distributed  forces  m 
"'"consideration.  From  tho  near  app 
''^•'polygon  whose  sides  traverse  the  ce 
[■"joints,  the  points  where  the  linear 
^  taken  without  sensible  error  for  the 
^'       Now  in  order  that  the  stability  < 

neccssaj-y  that  no  joint  should  t^'ud 


/. 


Fig.  177. 


stable,  id] 

-      "^  the  pro- 

/^  i;rihuted 

J"cli  is  a 

ered  as 

/oi«<  in 

£/te  real 


STABILITY  OF  STONE  AJID   BRlCOl 

wns  articlfs  referred  to  in  that  ai-ticle, 
139,  |)p.  203  to  218,  become  apiilicable  to 
~  brickwork.    (See  Addemb,  p.  xv.) 
t  may  be  held  that  ia  most  practical 

h  mortar  is  not  fiufficiently  great  to  bo 
rmininp  the  Btiibility  of  masonry;  and  hett 
used,  all  horizontal  or  oblique  conjugate  f<M 
equilibrium  of  the  avch-ring  must  be  p. 
from  without  iuwjtrds.     The  linear  arch, 
cases  to  those  forms  "which  are  balan 
unthattt  alone;   that  is  to   say,  that   the 
mtal  or  conjugate  pressure,  denoted  bv 
tion  4,  p.  214,  mtut  not  at  any  point  be  H' 
%  ia  true  that  arches  have  stood,  and  stiil  nUiut* 
tres  of  resistance  of  joints  fall  beyond  the  midi 
)th  of  the  arch-ring ;  but  the  stability  of  such  archi 
carious,  or  must  have  been  precarious  while  the  m 
^hen  tenacity  to  resist  horizontal  or  oblique  tenidi 
spandrils  of  an  arch,  and  to  the  joints  bc'twcoii 
stones,  by  means  of  cement,  hoop-iron  bond,  iro; 
se,  the  conjugate  tension  denoted  by  -  p^  must 
t  exceed  a  sjife  propoi-tion  of  that  tenacity;  tlu»' 
t  one-eighth.     By  this  means  stability  may  be  giv 
leemingly  anomalous  figures;  but  such  structures 
III  scale  only. 

381.    Bclatioa  belweea  IjlMcar  Rib  «■•!  lairmd**  «r  K< 

ere  are  numerous  cases  in  which  the  form  of  a  linear 
sustain  a  given  load,  may  at  once  be  adopted  for  the  itt 
eal  arch  for  sustaining  the  same  load,  with  sufficient 
practical  purposes.     The  following  is 

test  whtahtT  this  method  is  appli- 
de  in  any  given  case.    Let  A  C  B  in  fig. 

b«  one  half  of  the  ideal  rib  which  it 
|ropo6cd  to  adopt  as  the  intrados  of 
■1  arch.  Draw  A  a  normal  to  the  rib 
be  crown,  so  as  to  represent  a  length 
'  exceeding  two-thirds  of  the  intended 
►th  of  the  keystone,   and   conceive  a 

pie  applied  to  the  keystone,  consisting  of  tension  at  A  eq 
I  opposite  to  the  thrust  along  the  rib  there,  and  of  an  eq 
ust  at  a.     Draw  a  normal  B  6  at  the  springing,  and  make 

B  b      tjjnjst  along  rib  at  A 
A  o  ~  thnist  along  rib  at  B' 

conceive  a  couple  of  equal  moment  to  the  first,  oonnatln^  «ll 
2b 


^  rawn 

««P^nt, 
o**8  lure 
crojad, 

^nd 


2 


MAiODOALS  JtND  STBUCTCREa 

rwiw/lllw  ^^  ^  ^^^  thrust  at  6,  to  bo  applied  at  the  q>riD|9&|^     Tli^ 
covered  v  couples  thus  introdiiced,  being  equal  nn-'  ' 

times  att'c  equilibrium,  their  only  effect  Innng  to  u. 
spondril  "fs  from  the  intrados  or  ideal  rib  A  C  B  to  a  ini 
stability  ^liculf-'*   distance  C  e  from   the   iutrudoB   at    ; 

^(  filled  wi<^ly  AS  the  thi'ust  along  the  rib  at  tliiit  poiuL      iliuti  li a* 

H  KtAbilityithin  the  middle  third  of  the  arch-ring,  the  ideal  rib  A  C 

H       277.  >■  suitable  form  for  the  intrados. 

V  rood  foe  jirocess  may,  if  reqiured,  be  commenced  by  mahiriE;  B  h 
perpcnt^han  oue-third  of  the  depth  of  the  arch  at  the  s] 
throug'^  having  fii-st  been  fixed  with  due  reganl  to  thi.  i 

■  and  to't"^*'®  *o  crushing,  wliich  will  be  constitkTcd  further  on. 
of  thfl  '■^-    ^"^  **''  KqHilibmied  or  TraaBformed    Vatruarr  A 

jointaKsib^'Q^'^^  catenary  has  already  been  fully  described  in  Articli"  I 
8urfiir>  PP-  200  to  202.     When  used  for  the  intrados  of  nn  .'irrb.  i&jJ 
a  latf^niooJy  called  the  "curve  of  equilibrium."     It  ia 
X}*[>ort  of  any  load  whose  pr^ssiu^  is  wholly  tpHi. 
buiH  'ra*Ios  ia  either  a  horizontal  plane  coinciding 
^i-tpA.  of  the  transformed  catenary  (fig.  113),  or  atiu.... .  . 

to  o-^'-enary  having  the  same  directrix. 

liodJ'When  the  method  of  Article  281  ia  applied  to  an  int 

^  I*»ns  figui-e,  the  resulting  curve,  a  c  6  of  lig.  177,  is  simpljr  tbe 
eao'irve  shifted  vertically  upwartla  tbrough  tlie  height  A  a, 
•iFj»*    In  making  use  of  tho  ti-anrformed  catt'nary  in  practice,  then  «rt 
Ity  isually  given,  the  directrix,  the  crown  of  the  arch,  and  the 
^^if  rom  which  it  is  to  spring.     From  these  data  the  modtdujt  tti 
oe  computed  by  means  of  equation  \  of  Article  131,  > 
then  the  vertical  ordinate  y  from  the  dii-ectrix  at  an^    ^ 
zontiil  distance  x  Irom  the  crown  of  the  arch  is  givcu  Uf 


formula, — 


yJ^^^, (1.) 


in  which  y^  ia  the  depth  of  the  curve  of  the  arch  b«di«w  U< 
dii-ectrix.     (See  table,  Article  298,  p.  436.) 

In  applying  the  formulie  (3)  of  Article  131,  p.  202,  to  f  r - 
titrust  vsi  to  be  read  instead  of  termort;  and  the  symbol  v 
understood  to  stand  for  tfie  load  per  squartjool  q/'  the  twtinn 
b^ioeen  Oie  intrados  and  tfte  directrix. 

For  example,  let  B  denote  tbe  breadth  of  tho  .     ' 
the  archway,  in  feet;  let  Wj  be  the  wdght  of  a  . 
mai^onry ;  lot  the  extmdoa  Imj  a  ' 
**,  mcaeurf^d  fri  >m  the  > 
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'whole  volume,  the  remainder  1  -A  oonsiating 
Then, 

«)  =  n  k  Wj 

In  order  that  the  arch  m»y  be  eqiiilibi-ated  undcJ 
•nd  that  of  the  solid  backing  alone,  as  well   as   ■*      U 
struct  tiro  is  finished,  the  ligure  of  the  upper  sar&>     B 
backing  shoxdd  itself  either  be  a  tranalbrmed       ^ 
proximate  to  that  ciirre. 

283.     Um    •{   tbe    BrdrMtaUe    Arcb.  —  The      XM 

meclianical  properties  of  this  arch,  considered  as  a 
been  ejtplained  in  Article  136,  pp.  208  to  212. 

Inasmuch  aa  the  thrust  through  this  arch  is  imiihi 
plication  of  the  method  of  Article  281  to  it  produces  sinij. 
parallel  to  it;  so  that  if  it  be  used  for  the  iatnulos  of  un  ai 
unifoi-m  thickness,  and  the  centre  of  resistanoo  at  the  ke 
the  middle  of  the  thickness,  the  line  of  pressures  will  be  akj 
of  the  thickness  of  the  arch-ring  throughout,  or  appi 
Tlie  word  "approximately"  is  used,  because  the  thrust 
arch  is  not  exactly  uniform,  like  that  in  the  ideal  rib; 
springing  it  is  greater  than  at  the  crown,  by  on  amount  ( 
•weight  nf  the  prism  of  masonry  which  stands  vei-tically 
sprJ  irse;  but  that  difference  is  practically 

'J  ■  ition  of  the  hydrostatic  ardi  to  practice  is"^ 

the  IkUit,  that  every  arch,  after  having  been  built,  subsM 
crown,  and  spreads,  Or  tends  to  spread,  at  the  haunc 
thereforo  press  horizontally  against  the  filling  of  the 
from  which  it  is  inferred  as  proliable,  that  if  an  arch  be 
figure  suited  to  equilibrium  under  fluid  pressure — that  is, 
of  ciual  intensity  in  all  directions — it  will  spread  horizont 
compress  tho  nutsomy  of  the  spandrils,  until  the  horizontal 
at  each  point  beeomes  of  equal  intensity  to  the  vertical  ] 
thexiefore  sufficient  to  keep  the  arch  in  equ'dibrio. 

In  addition  to  the  methods  already  explained  in  Articlf 
dramng  the  figure  of  the  arch,  the  follow^ing  method  may 
for  describing  iiu  approximation  to  it  about  live  centres, 
simple,  and  has  been  found  by  trial  to  answer  well. 

In  tig.  178,  let  F  B  be  the  half-span  and  F  A  the  ria 
proposed  arch.     Make  A  C  =  {q,  and  B  D  =  f .,  the  radii  of ' 
at  the  crown  and  springing,  as  calculated  by  the   fori 
and    12)  of  Article   136,  p.  211.*      Then  C  will  be  one 

•  The  Ibraralai  for  computing  thoM  nidU  may  be  pat  in  the  followL 
•  ba  the  hm;  /j  the  half-aptn — 
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id  D  Mother.     Alxnit  D,  with  the  nidius  D  E  =  F 

B  D,  lU-scrilKj  R  circuhir  arc,  and  about 

ifith  the  radius  C  E  =  C  F,  deseribo  anotb 
circular  arc;  let  E  be  the  point  of  interstx^it 
of  those  arcs;  this  will  be  a  third  Cfutn*;  a 
two  more  centres  will  be  similarly  situated  to 
and  E  with  respect  to  the  other  half-arch. 

Then  about  C  with  the  radius  C  A,  draw  t 
ciiYvilar  aix  A  G  till  it  cuts  C  E  pmducod  in  < 
aU)ut  E,  with  the  radius  E  G  =  F  A,  draw  t 
circular  arc  G  H  till  it  cuts  E  D  produced  in  1 
about  D,  with  the  radius  D  B,  draw  the  clrcuh 
arc  H  B.  This  completes  one  half-aix'h,  and  tl 
other  is  drawn  in  the  same  manner. 

The  cur>-e  thua  de«cril>ed  falls  a  little  boyoi 

the  true  hydrostatic  arch  at   G,  and  a   litt 

within  it  at  H. 

.■t^m     p'"-  the  greatest  pomible  security  to  a  hydrostatic  are 

.13^   ittlly  if  the  span  in  great  compared  with  the  rise,  the  backill 


limes  n 

■paii;'' 
iBtalii. 
Ifillcd  wv 
stability^ 
377.     > 

..ufv-l      f I  » 


f 


<^ 


and  U>  <i 
of  the*  f 
joints  _ 

Tto*    . 

t    jnve 

•^*^Jtf"  t  to  be  built  of  solid  rubble  masonry  up  to  the  level  of  ti 
*^^^    n  of  the  extrados,  liefore  the  centre  is  struck. 
•*^  fcany  sf-mi-dliplic  arches  may  be  treated  as  approximate  hydrt 
^ic  arches.     In  fuct,  many  of  the  arches  called  semi-elliptic  a{ 
Wxinmte  more  nearly  to  the  tigiire  of  the  hydrostatic  arch  thanti 
kt  of  the  true  Bemi-elli|)«?.     The  true  semi-ellipse  of  a  giren  «pil 
M  rise  differs  from  the  hydrostatic  arch  by  being  of  somewlM 
Hrper  curvature  at  the  crown  and  springing,  and  somewhat  flattfl 
'  1  \^ture  at  the  haunchca,  and  by  enclosing  a  somewhat  less  atea» 
'l^i.  Vf  m(  the  GMMtaUc  Arch. — The  derivation  of  the  figure 
iiis  arch,  by  transforniation  from  that  of  the  hydrostatic  arch,  no 
AioRt  of  its  propertica,  have  been  explainetl  in  Article  137,  pp.  21 
JlK?.     Tlio  fiillowing  problem  only  remains  to  be  solved.     Given 
a  geostatic  arch,  the  rise  a,  the  half-span  9,  and  the  depth  of  load 
the  crown  x^;  it  is  required  to  find  the  projxtrtion  c,  which  < 
'half-npan  and  other  liorizoutal  dimensions  bear  to  the  r 
I  ing  dimensions  of  a  hydrostatic  arch  whose  vertical  dimi 
the  satae: — 

Make  J  ^ 


«=:  —  nearly (1.) 


'fljs  method  may  be  tt\>\AwCL  \«  vVowi  wn-vAUifcvi  aT<is»  -wNS 
t  approximate  bydrobta^ic  «tcV«a. 
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iSa,  Mnblltiy  Af  nnj  propoMd  AKh.  (A.  M.,  225.) — The  first 
«t«?p  towards  dcterroitjing  wlietht^r  a  proposed  arch  will  be  stable,  is 
to  asBume  a.  linear  uirL  parallel  to  the  Jiitnnios  or  eoffit  of  the  pro- 
posed arch,  and  loaded  vcrtiwillywitli  the  eame  weight,  distributed 
in  the  saiue  manner.  The  size  of  this  assumed  linear  arch  is  a 
iiiattf  r  of  indilierence,  provided  each  point  in  it  is  considered  as 
*;ubj«."Cted  to  the  same  forces  which  act  at  the  corresponding  joint  in 
the  real  arch;  that  is,  the  joint  at  whifh  the  inclination  of  the  reat 
arch  to  Uia  futrizoTt  is  the  mrtte  with  that  of  the  assumed  arch  at  tfte 
ifiven  point. 

The  assumed  linear  arch  is  next  to  be  treated  according  to  tho 
method  of  Article  138,  pp.  213  to  210;  and  by  equation  4  of  that 
Article,  p,  214,  is  to  be  detei-mined,  either  a  general  expression,  or 
a  stTiea  of  values,  of  tho  intensity  p^  of  the  conjugate  jtressure, 
horizi^ntal  or  oT'lique,  as  the  case  may  be,  required  to  keep  the  arch 
in  cquilibrio  under  tho  given  vertical  load.  If  that  pressure  in 
nowhere  negative,  a  curve  similur  to  the  assumed  arch,  drawn 
thp')ugh  the  middle  of  the  arch-ring,  will  be  either  exactly  or  very 
nearly  the  line  of  pressures  of  the  proposed  areh ;  p,  will  represent, 
either  exactly  or  very  nearly,  the  intensity  of  the  lateral  pressure 
which  the  real  arch,  tending  to  spread  outwards  imder  its  load, 
will  exert  at  each  point  against  ita  spandril  and  abutments;  and 
the  thrust  along  the  linear  arch  at  each  point  wiU  be  the  thrust  of 
the  real  oi-ch  at  the  con-esponding  joint. 

On  the  other  hand,  if  73,  has  some  negative  values  for  the  assumed 
linear  arch,  there  must  be  a  pair  of  points  in  that  arch  where  that 
quantity  changes  from  positive  to  negative,  and  is  equal  to  notliing. 
The  angle  of  inclination  i^at  that  point,  called  the  angle  ofritpture, 
is  to  bo  determined  by  solving  Problem  IV.  of  Article  138,  pp. 
216,  216.  The  con-esponding  joints  in  the  real  arch  .-xro  called  the 
joint/  0/ rupture;  and  it  is  below  those  joints  that  conjugate  pres- 
Bure  from  without  is  required  to  sustain  the  arch,  and  that  con- 
sequently the  backing  must  be  built  with  squared  side  joints. 

lu  fig.  179,  let  B  C  A  represent 
one-half  of  a  symmetrical  arch, 
K  L  D  E  an  abutment,  and  C  the 
joint  of  rupture,  found  by  the 
method  already  described.  The 
jjoint  of  rupture,  which  is  tho 
centre  of  resistance  of  the  joint  of 
rupture,  is  somewhere  within  the 
middle  third  of  the  depth  of  that 
ioint;  and  from  that  point  dovm  _.     ,_^ 

to  the  springing  joint  B,  the  ham 
of  pressures  is  a  curve  aimil&r  to  the  assumed  \inftWf 


I 

1 
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,^'-l'«&  the  .K  "C points  fiWf  K„_     .  ^'    °f 


'«« 


CnSOVULR  ABCHES. 

In  a  cirenlar  arch  with  a  horizontal  platform  above  it,  let 

r  denote  the  radius  of  the  iutrados  ; 

r'  that  of  the  cxtmdos  of  the  arch-ring,  which  is  sapposcd  uiu» 

formly  thick ; 
c  the  depth  of  loading  material  above  the  crown  of  the  orch ; 
*o  Die  weight  of  a  cubic  foot  of  the  arch-stones ; 
90  tbe  mean  vteight  of  a  cubic  foot  of  the  snperatmcturo,  includ- 

infj  voids  {=  ^  w  nearly) ; 
Then  the  solution  of  the  following  equation  gives  the  angle  of 

n        \  "^  11               '\        /i       w'Nt'o  — COSl'oBinif,  )     - 
0=  -^    -   (I-COSJq)  4-  (1 )P  _0._     Of  ^ 

I  to  ^  "'      \       to/       2  sin-*  ♦«       J 


<;>— C08  tp  an  tq 

2  ax?  in 


^; 


.(I.) 


•rhicb  having  been  solved,  the  following  equation  gives  the  hori- 
tOTital  tliruatj'ur  each  unit  ofbreadUi  ofUie  arch: — 


H,  =  «/r'={  (1-.^)  cosio-'^^-^^^^^} 
+  „,(/8-^)io^^o. 


(2.) 


uation  1  is  here  given  in  the  form  beat  suited  for  pi-acticul 

being  that  of  a  quadratic  equation  between  r',  r,  and  c,  with 

t8  depending  on  the  angle  j^  and  on  the  compai-ativo 

ess  of  the  arch  and  of  the  superstnicture.     The  valuw  of  iq 

can  be  calculated  from  a  given  set  of  values  of  V,  r,  c,  and  — ,  by  a 

aenes  of  trials  only;  but  if  a  value  of  ij  be  assumed,  then  any  one 
Kif  those  four  quantities  can  be  computed  exactly  by  solving  tho 
quadratic  equation. 

Problem. — The  radius  of  the  intrados  r,  OTid  the  height  c  of  the 
'iorizonlal  platform  above  tite  crown  of  the  arch  beirtg  given,  to  find 
the  outer  radius  r  of  die  arch-ring  corresponding  to  an  assumed  angle 
ef  ruj^wre  i^.  In  tliis  case  r  is  tho  unknown  quantily;  and  if 
equation  1  be  denoted  for  brevity's  sake  by 


its  solution  is 


//B.       w^2c2\        «/  ,^. 


and  that  pari  0/ t/ie 


Ho  nearly  =  u/r'  (-0641  r"  +  -7071  < 

Tli"3    in  fig.   180,  let  A  C  B  ren, 

arch,  O  being  the  cent,^  of  tbeuS 
^'  _y     Jet   0  P  r=  ,< 

horizontal  pi) 
in;?  the  ajigle 
cal;  then  the, 
wll  be  nr-arlj 
muss  A  C  F  1 
joint  C  F  and 
is  tJmt  up  to  Y 
t»iiJM  the  hacl 
to  hond  and  JQ 
Pig-  ISO.  it  Nhall  bo  cftn 

PT=-7071OP.  «>"t^  thnwt; 

filS  T  *''^.,«™^°.  ^'h'^h  i«  left  for 
nutu  the  oonaition  of  fltahility  whioJ.  rZ 
Pt^«.ure«  within  the  n^iddk  Thi^"ot  '^" 

i:r. -^fc  r^J*.  ^  --ce^r,  to  j 


CTRCULAR  ARCHES — TIT-VTAIXS — DEPTH   OF  X£TSTOK£.        425  ' 


then  the  liorizontfll  line  Q  R  S  Avill  show  the  level  up  to  which  the 
•jandril  vaUs  or  spamlril  filling  are  to  ho  built  before  the  centre  ia 
Btnick. 

28S.  Clrcalar  Arch  leu  Hum  n  Qandnmi. — In  this  case  the  Tulei 
of  the  preceding  article  is  to  be  applied  exactly  &s  in  the  case  of  an. 
arch  not  less  than  a  quadrant;  but  in  computing  the  horizoutiil 
thrust,  it  is  sufficient  to  take  the  weight  of  a  half-arch  vrith  its 
load,  and  multiply  by  the  co-tangent  of  the  inclination  of  the 
intrados  to  the  horizon  at  tha  epringiug. 

289.  Tie-Waiia,  in  the  hollow  apandrils  of  arches,  are  transverse 
walls  at  right  angles  to  the  spandril  walla.  Tlie  distance  from 
centre  to  centre  of  the  tie-walla  may  be  from  three  to  five  times 
the  distance  from  centre  to  centre  of  the  simudril  walls. 
J  290.  DepUi  •f  Kcr«t«B«. — To  determine  with  precision  the 
depth  required  for  the  keystone  of  an  arch  by  direct  dedwctioa 
from  the  principles  of  stability  and  strength,  would  be  nu  almost 
impracticable  problem  from  its  complexity.  That  depth  i.s  always 
many  times  greater  than  the  depth  necessary  to  resist  tlie  dii-ect 
crushing  action  of  tlie  tlirust.  Tiic  propf»rtiou  in  which  it  is  so  in 
some  of  the  best  existing  examples  has  been  calculated,  and  found 
to  range  from  3  to  70.  The  emalJor  of  these  factors  may  be  held 
to  err  on  the  side  of  boldness,  and  the  latter  on  the  side  of  caution; 
good  medium  values  are  those  mnging  from  20  to  40.  The  best  ' 
coarse  in  practice  is  to  a.s.suine  a  de[)t!i  for  the  keystone  according 
to  an  empirical  rtile,  founded  on  dimeufiioas  of  good  existing 
examples  of  bridges. 

The  following  is  such  a  rule : — 

For  t/te  depth  of  the  keystone,  take  a  mean  proportional  hetieteen  the 
raditts  of  curvature  of  tJie  intradoa  at  tlia  crown,  and.  a  constant^ 
tefu>ee  vaiuea  are, 


for  a  single  arch, *t2  foot; 

for  an  arch  forming  one  of  a  aeties, '17     „ 

That  id  to  say,  in  symbols, 

Depth  of  keystone  for  a  single  arch, 

in  feet  ^  J  (^'12  X  radius  at  crown). (I.) 


Depth  of  keystone  for  an  arch  of  a  series, 

in  feet  =  J  ("17  X  radius  at  crown). 
The  following  are  examples  :-^ 


UAITEBIALS  AND   STRUCTUASS. 


^L  It.ADirg  XT       DtPTH  0*~] 

^P  SiKQLE  Arches.  Ck.<»\vn.     CuiouUisU 

Bridge  over  the  Severn ,  at  Glouces- 

■        ter  (by  Telford);  elliptic  arch; 
span  150  feet;  rise  35  foet, 1607        439 

Bridge  at  Turiu,  over  the  Dora 
Riparia  (by  Mosca);  arch  seg- 

P        mental;   span  147 "6  feet;  liae 
18  feet, 160  438 

Grosvcnor  Bridge,  over  the  Dee, 
at    Chester    (by   Hartley    and 

(Harrison) ;  segmental  arch ;  span 
200  feet ;  rise  42  feet, 140  4*1 

Ordinary  bridge  over  a  double  line 
of  railway;  elliptic  arch;  span 
30  feet;  rise  7  feet  6  inches, 30  1*9 

W  Arches  m  Series. 
Bridge  over  the  Thames,  near 
Maidenhead  (by  I.  K.  Brtmol); 
arch  (of  brick  in  cement)  nearly 
elliptac;  span  128  feet;  rise 
34-26,  169  5-36 

Loudon  Bridge  (by  Sir  John  Reu- 
■nie);    elliptic   airh;    si>aji    152 

feet i6a  5-35 

Bridge  of  Neuilly  (by  Perronet) ; 
basket-handle  arch;  span  39 
metres  =  128  feet  nearly;  rise 
D'75  mStres  =  32  feet  nearly,...         159  5"ao 

Bridge  of  St.  IMaxence  (by  Per- 
ronet); segmental  arch;  span 
about  76-7  feet;  rise  about  6  4 

feet, X19  4*49 

"Waterloo  Bridge  (by  Ronnie); 
elliptic  arch;  span  120  feet;  rise 

32  feet 112-5       4*37 

Ballochmylc  Bridge,  over  the  Ayr, 

(by  MiUer);  semicircular  arch; 

Bjjan  181  feet;  rise  9 0  5  fe*st,  ...         90-5         3*93 

»n  Bridge,  ijoar  Edinburgh ;  eeg- 

9ent«il  arcl);  spaa  90  feet;  rise 

iOfvrt, iJi-V^        l^ftft 
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b  evident  from  the  law  approximately  followed  by  tho 
Diples  in  tlie  preceding  table,  that  the  depth  required  for  the 
-Ting  is  regulated  chiedy  by  the  necessity  for  providing  uguinst 
utions  of  the  line  of  i)it>si>ures,  pi-oduoed  by  temporary  partial 
B ;  and  because  such  lotuh  ou  u  lui-go  ai-ch  are  less  as  compared 
i  the  weight  of  the  arch  itseli'  than  in  a  small  arch,  the  depth 
ie  arcli-stones  increases  more  slowly  than  the  general  dimensions 
he  arch — viz.,  proportionally  to  the  square  root  of  the  radius  at 
crown. 

he  probability  of  such  a  rule  being  found  to  answer  in  practice 
ht  have  been  inferred  from  equation  38  a  of  Article  180,  jx 
.by  assuming  that,  owing  to  the  plasticity  of  the  mortar,  the 
1  load  of  the  arch,  thei-e  denoted  by  w^,  produces  no  bending 
on  (which  is  equivalent  to  omitting  the  term  in  B) ;  and  then 
araining  the  depth  A  of  tlie  arched  rib  so  that  the  tension  p'j 
il  be  =:  0,  the  ai-ch  being  considered  as  sensibly  flexible  between 
joints  of  rufdure  only.  This  last  condition  makes  the  rise  k 
ne  sensibly  flexible  part  of  the  arch  equal  to  a  certain  fraction  of 
I  rodiua  at  the  crown;  say  n  r,  so  that  the  equation  referred  to 
ipduced  to  the  following: — 

^K  0188^-^  — i-.  =  0. 

But  o'  == 


«Jo5^A" 


n  »* 


9'  :=  ^;  and  w  -i-  icj,  which  expresses  the  ratio  of 
fcisity  of  the  external  load  to  the  weight  of  the  arch  itself,  may 
ireplaced  by  h'  ^  h;  h  being  the  required  depth  of  keystone, 
I  h'  the  depth  of  the  same  niaterial  which  is  equivalent  to  the 


0-838  ?i——=0; 
h^      nr         ' 


/*2  =  -828  n  h'  r; (3.) 

||  IS  to  say,  /or  eipiaUy  inteivn  eactemal  loads,  and  equal  angha  of 
kure,  l/ie  square  of  tJte  thickness  of  the  ketone  should  vary  as 
tradiua  of  tlte  intrados;  being  v«ry  irairly  the  rule  deduced 
prically  from  practical  examples.  The  co-efficients  12  and  -17 
Iquatians  1  and  2  correspond  to  the  factor  '826  n  h'  in  equation 
I  It  Ls  pi-oljable  that  tho  necessity^  for  a  larger  co-efficient  in  tho 
I  of  an  arch  which  forms  one  of  a  series  arises  from  the  fact, 
i  when  one  arch  of  a  scries  is  loaded  externally,  and  tlie 
luiing  arches  unloaded,  the  piers  yield  slightly,  so  as  to  lower 

position  of  the  joints  of  rupture 
^)\.  Au  AbatBiMR  In  ■KadiothiB  c«anM  forms  in   truth  a  con- 

itjoj]  o£  Qie  arch,  and  is  the  strongoat  aoid  most  gt&W^^suvil 


uvww^r- 


principlc«  which  vcgulato  tliat  of 
i'ully  explained  in  Artich'8  2G3 
point«  to  be  chtofly  ntteudcd  to  are,  I 
thniafc  through  the*  spandril,  the 
H(iriii(^iig  of  the  arch  shall  huvo 
friction   tho  tendoncy   t<»   slitling   pi 
alxjvp   the   hrd-joiiit   ucxt  below  tlj 
weigljt  of  rimterial,  inchuling  that 
loud,  shuU  produce  friction  enough 
the  arch,  wliether  exerted  through 
ing;  and  tliiit  tho  centre  of  resdatanc 
shall  not  deviate  from  the  centre  of 
projwr  fraction,    7,    of    the  thickne 
263,  p.  390,  and  Article  170,  pp.  294,' 

It  is  highly  advantageous,  in  jioint  I; 
to  build  ubutmentH  with  hollows  in 
ways  piissing  throngh  them,  peq)endi 
which  the  abutnicnta  support.  Thes 
vei-ted  archeii  at  the  bottom,  to  diatr 
l«»e  OS  |x>88ible.  The  liollows  or  arc!; 
thinl  of  the  whole  volume  of  the  abut] 

When  an  arch,  as  in  tig.  179,  p.  42] 
M  C,  the  part  of  the  arch  below  t 
spandril  Imcking  and  the  load  direc 
coosidei-ed  aa  forming  part  of  the  abut 

In  some  of  the  beat  examples  of  1 
abutments  ranges  from  one-third  to 
curvatur^^ft)^£jttGJuyiig|^^H 


PIEBS — RIBS — SKEW  ABCaEB. 


Ltber  of  these  n^lcs  gives  in  general  a  less  thickness  than  tliose 
jled  for  piers  iu  practice,  which  range  from  one-toUh  to  o/to- 
th  of  the  ajHUi  of  the  iirchea ;  the  latter  thickness,  and  those 
poaching  to  it,  being  suitable  for  "  ahulnient-jyiers."  The  most 
mon  thickness,  for  ordinary  piers,  is  from  one-sixth  to  one- 
(nth  of  the  span  of  the  arches. 

lers,  like  abutments,  are  advantageously  lighteued,  especially 
m  very  lofty,  as  in  viaducts,  by  being  built  hollow,  or  by  hav- 
arch\^^lys  traversing  them,  with  inverted  arches  at  the  l«ise. 

m.    Bibbed    Arches,  AbatmcBla.   nntl    Plera. — Archcs  and     thcir 
its   and  piers  may  be  nuitle  at   cmce   light  and   stiff,  by 
them    in    parallel   deep   rilts,   with    thinner  portions   of 

ittry  between  them;  but  this  of  course  involves  additional 
'kmanship. 

!95.  Miew  Arcbc*  are  of  figures  derived  from  those  of  symmetri- 
arches  by  distortion  in  a 
isant&l    plane.     The    ele%a-  b        /      B 

of  the  face  of  a  skew  arch, 

every  vertical  section  par- 
d  to  its  face,  being  similar 
the  corresponding  elevation 
"  vertical  section  of  a  sym- 
trical  arch,  the  forces  which 

in  a  vertical  layer  or  rib 
a  skew  arch  with  its  abut- 
its,  arc  the  same  with  those 
ich  act  in  an  equally  thick 
tical  layer  of  a  symmetrical 
i  with  its  abutments,  of  the 

Kensions  and  figure,  and 
and  equally  loaded. 
81  represents  a  plan  of  a  skew  arch,  with  counterforted 
itments.  The  cmgU  qfitkao,  or  oblujuity,  is  the  angle  which  the 
B  of  the  archway,  A  A,  makes  with  a  perpendicular  to  the  face 
ihe  arch,  B  C  A  13.  The  s^ian  of  the  archway,  "■on  the  square" 
Et  is  callcil  (that  is,  the  y>crpendicular  distance  between  the  abut- 
Kttfi),  is  less  than  the  span  on  the  skew,  or  parallel  to  the  fiice  of 
I  arch,  in  the  ratio  of  the  cosine  of  the  obliquity  to  unity.  It 
lie  span  on  the  skeva  which  is  equal  to  that  of  the  corresponding 
imetrical  arcL 

"he  best  position  for  the  bed-joints  of  the  arch-stones  is  perpcn- 
nlar  to  the  thrust  along  the  arch.  If^  therefore,  there  bo  drawn 
ibe  soffit  of  a  skew  arch,  a  series  of  pandlel  curves,  made  by  the 
ersections  of  the  sof&t  with  vertical  planes  parallel  to  the  face 
th«  arch,  the  best  forms  for  the  bed-jointa  will  be  &  Bet\fi&  < 


Fig.  18L 


Fig.  ISi. 
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curves  drawn  on  the  solfit  of  the  arch  so  aa  to  cut  the ' 
foiToer  series  of  curves  at  light  angles,  such  as  C  C  in  figs.^ 
182.  Joints  of  the  beat  form  being  difficult  to  exeeni 
joints  are  used  in  practice  as  an  approximation. 

Proparatojy  to  the  execution  of  a  skew  arch,  a  In 
the  solfit  must  bo  prepai-cd,  showing  the  exact  fignrft<l 
of  every  arch-stone.     That  tlrawinfi;  represents  the 
of  the  soffit  as  if  it  were  sjrread  outjiat,  and  is  called 
nunit"  of  that  curved  surface.     In  general  it  is  sniBoieni! 
ono-half  of  the  soflit,  the  other  half  being  similar.     Tho  " 
luc  the  processes  by  which  that  drawing  is  prepared : — 

I.  To  draw  the  devehpnunit  of  iJte  sojfil,  and  of  ita 
on  tlie  shew.     Fig.  I  S3,  No.  2,  represents  a  plan  of  one 
arch,  II  A  K  being  the  cixjwn  of  the  soflit,  and  I  B  L  tbtl 


^Jol.. 


Ko.8. 

JS^ o 


Flff.  183. 

one  of  the  abutments.     The  line  A  0  B  represents  tbs  ,_ 
a  vertical  Rcction  on  the  skew,  and  A  E  D,  perpeudicolar 
that  of  a  vertical  section  on  Vie  square:  .^:1  BAD  being 
of  obliquity. 

Afisuuie  any  convenient  number  of  point.-*  in  H  I,  thtoi 
draw  a  set  of  lines  (such  as  E  C  E  G)  11  H  K,  and    " 

lines  -L  H  I.     Draw  O  B  ||  H  I,  cuUing  these  lines; . 

as  half-span,  construct  the  vertical  section  of  the  arch  oi«  | 
represented  by  No  1,  in  which  A  C  B  i«  tho  line  on  tho 
responding  to  A  C  B  in  No.  2. 

Construct  the  vertical  section  on  (Ji»  square.  No.  3, 
O  D  II  A  D  to  repi-eeent  the  half-span  on  the  sqiurov  -- 
ferring  tlie  onlinates  of  No.  1  to  tiie  oon-espondrng  point 
3  3  for  example,  E  C  to  G  E. 

Then  construct  the  derrelopment  No.  4  in  the  f  " 
— Produce  the  centre  line  of  the  wjiKt,  H  A   J 
Fifun  any  convenient  point  A,  No.   4,   dmw  A  E  JJ  J 
which  taico  distances  A  E,  A  D,  <fcc.,  equal  in  length  t' 
A  E,  A  D.  A-c,  wliich  are  cut  off  on  the  erirvp  A  E  D. 
it*  several  ordinates.     Then  will  the  Btraight  Un«  A  K 
he  the  development  o(  ib«  mcUotv  m\  Um  •((twnrt^  &.  B  D, 


SKEW  ABCHEa 


S-  Through  the  points  of  division  of  A  E  D,  No.  4,  dxM 
parallel  to  H  K,  such  as  E  C,  I  D  B  L,  Jml,  on  whichj 
«»rdiiiate9,  such  as  E  C,  D  B,  &c.,  equal  respectively  to  tb^ 
^ponding  ordinates,  E  C,  D  B,  etc,  in  the  plan,  No.  2>  andl 
■t.he  ends  of  those  ordinates  draw  a  curve  A  C  B,  No.  4 ;  ^ 
V>e  the  development  of  the  vertical  section  on  Uie  skew, 
^os.  1  and  2. 

Draw  also  the  cnrves  H  I,  K  L  parallel,  similar,  and 
-A  C  B,  and  at  distances  from  it  on  either  aide,  H  A  = . 
lalf  the  length  of  the  archway.     Then  I  H  K  L  Mill  j 
<levelopme«t  of  half  the  soffit     Draw  I  M  and  L  N  pcrf>ea 
"to  I  L ;  then  M  I  L  N  will  be  the  development  of  part  of  1^ 
of  an  abutment.     Dniw  also  any  convenient  number  of  infei 
ate   curves,  such  as  those  shown  by  dots,  parallel,   similj 
«iual  to  A  C  B,  to  represent  tlie  development  of  several  j 
«kew  vertical  sections  of  the  soffit,  and  to  indicate,  at  t' 
time,  the  direction  of  the  thrust  at  each  point  which  they 
These  may  bo  called  "  cwrvea  of  prttaure." 

^  IL  To  drmo  on  the  devdopmeni  of  tfie  sojil,  the  M-jo 
**<^«^joint4  of  true  cotirsea.     The  bed-joints  are  drawn  by  s] 
'"'Jth    the  free  hand  a  series  of  curves,  cutting  all  the  cq 
pressure  at  right  aisles,  and  called  the  orthogmud  ^ 
*,J^J«clcriuofthgcwniaofpre8mvre.  The  side-joLuta,  ''^ 
^^"^  perpendicular  to  the  bed-joints,  are  parts  of 
*^'^eB  of  pressure  themselves.  (See  fig.  184.)  The 
*^^rses  become  thinner  towards  the  acute  angle 
***  the  abutment,  aud  thicker  towards  the  obtuse 
J    ^/^'  ^^  that  it  may  be  sometimes  advisable  to 
t»jr>cln(>g  intermediate  bed-joints  near  the  obtuse 
Sie,   as   shown  near  L  in   fig.    184. 


JX» 


arci, 


Kg. 

In  the  illustra 

jj^^  ".    springs  vertically  from  the  abutments,  so  that  nonoi 

,jjj    ~J<^^tJts    intersect  the  line  of  sprLngiiig,  I  L,  to  which  4 

j^^j^^^^-^^ptotes.     Had  the  arch  been  .segmental,  some  of  I 

tJi^         '»^«ild  have  intersected  that  line  obliquely,  makitig  n^ 

tJofc  _    "^ 

2  jC^  <J£»Jiq«c, 


J^***  oi*  skc-w-backa  of  the  kind  shown  in  the  next  fi 


^^V/cy"'.  2\>  draw,  on  the  devdcpmerU  of  tlie  soffit,  the  hed-j^ 
ot'  tK******  of  spirai  courseg.  (See  fig.  185.)  On  the  dey^ 
l>erT>eJ^  soflBt,  draw  a  series  of  parallel  cq\^idistimt  straid 
**^U  -  ^icxiJar  to  the  direction  of  the  thi-vist  at  the  croii 
be  Xi^^^^^  ^^^  represent  the  bed-joint«,  and  the  aide-jl 
«<«^J^*T»eiidicuJar  to  them.  Between  I  an  J  L  are  shown! 
tH^  ;j.'  ^^^  siones  which  oonnect  the  slanting  courses  of  the 
^^pi-Jy-onU/  courses  of  the  abutment. 

-=''*s^  coiusea  are  perpeodicul&r  to  the   thrust,  at  ^*! 
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tlie  ai-ch  only,  and  bft'ome  more  and  more  obli^nr  to  it  the  ; 
they  lire  to  the  sjiringing. 

29G.  Hibb«-d  HkcMT  Arrii. — A  substitute  for  au 
arch  is  sometimes  composed  of  a  series  of  ribs  place  i 


^'*tt:fi 

— ' qr 

'  '  i^'                 ;         Pf 

1  .'1                    t      i^ 

^^ 

r  im// 

.-«aSir                                HMMib^ 

Fig.  18S. 


Fig.  186. 


OS  in  fig.  18G.  This  mode  of  construction  contracts  the  spa&4 
»quare  a.s  compared  with  that  of  an  ordinary  akew  atch  " 
the  same  span  on  Oo;  skeii^,  by  the  following  qiitrntity ; — 

Let  a  denote  the  projection  of  each  rib  of  the  abutmeDt  TjpJ"*] 
the  preceding  rib; 

6,  the  breadth  of  a  rib;  then 

contraction  of  span  on  the  square  ^     -  ^ = J\.) 

If  the  span  on  tfie  square  has  already  been  fixed,  the  tp9»  en  I 
fk^io  for  a  ribbed  arch  is  to  be  made  grcat<?r  than   that 
common  skew  arch,  simply  by  the  projection  n  of  a  rib  uf 
abutment. 

207.    Sircagih  of  8l4»ac  and  Brick  ArckM. — A  well-desiptH 
or  brick  arch  of  sufficient  stability  has  usually  a  great 
strength.     In  the  case,  however,  of  a  proposed  arch  c:       > 
dimensioDS  or  figure,  especiaUy  if  the  matei'ial    is  com|> 
•weak,  it  iiJ  advisable,  after  the  figure  and  dimensions 
planned  with  a  view  to  stability,  to  test   whether   the  atr 
is  likely  to  be  sufficient.     This  may  be  done  with  n  snflic 
close  approximation,  by  the  aid  of  equations  30,  36,  and 
Article  180,  p.  307,  by  making  the  following  substitutiona : — 

Case  I.  In  a  transformed  Catenary  Arch,  or  a  circular  , 
lens  than  a  fpiadrani;  make 

h!  =  depth  of  arch-stones  at  springing  X  cos  *  ineliiuitioQ 


at  that  puint; 


7  =  ^ ;  w'  =  gj  Z  =  span;  k  = 


nae; 
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r,  =  --(l+B) 


(•-^)^ 


.(2.) 


i,  consideriug  a  rib  of  a  foot  in  breadth,  make  Aj  =  /*';  for  Wq 
the  dead  Itiad  in  lbs.  jxr  square  foot  of  platform  at  the  crown  oj' 
arcA,  and  for  w  the  rolling  load  in  lbs.  per  square  fcHjt  of  plat 
■rtn. 

Cask  II.  In  hydroatatie,  dliptic,  and  semicircular  arches,  and 
'ar  set/ineiits  greater  titan  a  quadraid,  make  I  =:  the  span,  and 
the  rise,  of  the  part  of  the  arch  lying  between  the  two  joints 
'Iiich  make  angles  of  -15'  with  the  horizon.  In  hydrostatic  and 
dliptic  arches,  make  h'  =:  thickiie,ss  of  arch-ring;  in  circular  arches, 
)[iake  h'  =.  thickness  at  the  joints  fii-st  mentioned  X  -707.  Then 
)roccc'd  in  other  respects  as  in  Case  I. 


PWa 


and  substitute  for 


In  all  cases  omit  the  tei-m-Q— r    i,    ,   p.  ., 

o  Aj  (1  -\-  a)  fc 

H  -i-  h',  H  being  the  horizontal  thrust  as  found  by  the  methods 
»f  Articles  132  to  138,  pp.  202  to  218,  Article  2SG,  pp.  423,  424, 
\tid  Article  288,  p.  425,  for  a  rib  one  foot  in  breadth. 

Equation  37,  giving  the  greatest  intensity  of  thrust,  pj,  in  ^65.  on 
ft«  tquare/out,  thus  becomes 

When  //  -1-  k,  and  consequently  B,  are  small  fractions,  so  that 
2 
'j  ^  ^  nearly,  the  following  formula  may  be  used : — 

P,  =  fr  +  yI^  {  B  «;„  +  0-207  w  } (3  a.) 

I     When,  on  the  other  hand,  (1  -f  B)  -r-  ( 1  —  1  /.)  ^®  equal  to  or 


preai 


.ter  than  ^,  so  that  r^  ^  1,  the  following  formula  is  to  be  used : — 


_H        f'    /  B 
^1  —  A'  "*"  2  /»' 2  \  1  - 


^^  + 0-288  w 


} 


.(3  b.) 


In  transformed  catenarian  and  circular  segmental  arches,  an  ap- 
proximation to  uniformity  of  strength  may  be  obtained  by  making 
the  depth  of  eaclj  voiissoii-  proportional  to  the  secant  of  the  in- 
elination  of  its  Ijed  to  the  vertical. 

297  A.    VaderirMiad  Archwiir*— TMBBcta— ralreru.^ — If  the  depth 

iof  a  buried  archway,  such  as  a  tunnel  or  culvert,  beneath  the  surface 
iof  the  ground,  is  great  compared  with  the  height  of  the  archway, 
the  proper  form  Sor  the  line  of  pressures,  which  niMSt  U6"m\.\wa.^ia 

2w 
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niitiklle  third  of  the  thicknesa  of  the  arch,  is  the  t-lli; 
of  Article  134,  p.  202,  in  which  the  ratio  of  the  L-  » 
vertical  semi-axis  is  the  square  root  of  the  ratio  of  tiit 
to  the  vertical  pressure  of  the  earth ;  that  is  to  sajr, 

horiswntal  aemi-axis 


ni-ftxis  _//;,_       /  n  —  gin»\  , 
i-axis    ~    ~V    /J.~    V     \l-|-8inW'* 


vertical  semi-axis  v     p^ 

9  being  the  angle  of  repose. 

If  the  earth  is  firm,  and  little  liable  to  be  disturbed,  ti 
tion  of  the  half-span,  or  horizontal  semi-axis,  to  the  r  •-■ 
semi-axis,  may  be  made  greater  than  is  given  by 
equation,  and  the  earth  will  still  j-esist  the  ad^l-^- 
thrust;  but  that  proportion  sliould  never  be  in 
value  given  by  the  equation,  or  the  sides  of  the  aicuwav  ■« : 
danger  of  being  forced  inwarda 

In  a  drainage  tunnel  or  culvert  the  entire  ellipse  may  bo 
figure  of  the  arch;  but  in  a  railway  tunnel,  where  it  i»i 
sary  to  have  a  flat  floor,  the  sides  and  roof  of  the  tuunrl 
in  height  the  upper  two-thii-ds,  or  three-fourt-hs,  of  the 
which  is  closed  below  by  a  circular  segmental  inverted 
slight  curvature,  its  depression  being  one-eighth  of  its 
thereabouts.      By  tliia  mode  of  construction  the  verticnl  pr 
of  tlic  sides  of  the  tunnel  is  concenti'ated  upon  foundntion 
directly  below  them,  fi-om  which  they  spring.     The  mtjo 
the  entire  width  of  the  tunnel,  measured  otiUide  the 
brickwork,  bears  to  the  joint  widtli  of  that  pair  of  fouuiJ 
must  not  exceed  the  limit  of  the  ratio  of  the  weight  of  a  Im 
to  the  weight  of  earth  displaced  by  it,  as  given  by  ArticJaj 
equation  1,  p.  379.      The  inverted  arch  servea   to   prcveni^ 
foundations  of  the  sides  of  the  tunnel  fixtm  being  forced  iuwsnb  lifl 
the  homontal  pi-essure  of  the  earth. 

The  exact  form  for  tlio  line  of  pressurea  in  the  sides  at)d  roof  ^j 
a  tunnel  is  the  geostatic  arcJi  of  .tXjticle  137,  pp.  212,  213.  TWl| 
principle  requires  attention  when  the  roof  of  the  tunnel  i«  noar  l4»| 
surfiicc.  Let  Xff  be  the  depth  of  the  crown  of  the  i- 
that  of  its  greatest  horizonUil  diameter,  beneath  the  .-  M 

thoiit'  ordiuates  as  data,  design  a  hydrostatic  arch,  by  it  .  ij 

fonmiJffi  (12)  of  Article  136,   p.    211;   contzvct  tli 
ordiuates  of  that  cu'ch  in  the  ratio  c  :  1  <' 
the  i-esiilt  will  be  the  figure  of  the  g(x>^ 

The  greatest  intensity  of  yjressure  m  a  Lui: 

ivuUly  in  its  sides,  at  the  ends  of  the  short4>r  •!. 

tradds;  and  that  intensity  is  given  - 
cquatioQ.     Lxi  x^  bo  the  dc^ith  of 

tfUrfuCO  of  the   gCOUY\<i,  U  ^i^  \iil^-»^M.\L  Vii  'C^^.:.  «AAdlL<««kj,  ^ 
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i3S 


p,  /  the  thiclcnesa  of  its  side,  to  the  weight  of  a  cubic  foot  of  tlie 
rthj  then  the  greatest  pressure,  in  Ibn.  vn  iJit  square  foot,  is 


v4*i  (*'  +  <)  — 0-8  o' 6'] 


.(2.) 


Ind  this  should  not  exceed  the  resistance  of  the  material  to  cnuh- 
UDg-,  di\'ided  by  a  projjer  factor  of  safety. 

It  appears  tluit  in  the  bi-ickwork  of  various  existing  tunnels,  the 
Sactor  of  Bafety  is  as  low  &»  four.  Tliia  is  sufficient,  because  of  the 
rteadiness  of  the  load ;  but  in  bui-ied  archways  ex]iosed  to  shocks, 
ike  those  of  culvei'ts  under  high  cuibuukmenta,  the  factor  of  safety 
ihould  be  greater;  aay  from  eujlU  to  letu 

How  »maU  soever  the  load  may  be,  there  ia  a  certain  minimum 
thickness  for  an  undergi-ouud   archway,   for  determining  which 
Ihe  following  empirictil    rule,   exactly  similar  to   that   for   find- 
ing the  depth  of  the  keystone  of  an  arch,  has  been  deduced  from 
W&cticol   examples.      The   rise  and   half-span  being   denoted  as 

^Hbre  by. a'  and  U,  con^pute  approximately  the  longest  radiua  of 

^Hviitare  of  the  intnuloa  by  the  formula 

_<» 

(3.) 


bhen 


Tills  is  appliciible  where  the  ground  is  of  the  firmest  aud  safest 
Idnd.  In  soft  and  slipiiery  materials,  the  thickness  ranges  from  once 
mnd  a-half  to  double  that  given  by  equation  4 ;  that  is  to  eay. 


*"=F' 


least  thickness  I  in  feet=  J  O'Vl  r. ^4.) 


&om  J  0-27  r  to 7  048  r. {\  a.) 

The  thickness  of  an  nndei^ground  arch  at  the  crown  may  be  made 
less  til  an  at  the  sides  in  the  ratio  b' :  a;  but  the  more  common 
practice  is  to  make  it  uniform. 

Aa  to  the  precautions  to  be  observed  in  embanking  over  and 
©ear  archways,  see  Article  201,  p.  341. 

296    TnMe   «f  O  •rAlttmtrn  mnA   Mapea   wf  Caleaarinn   Cnrrea. — 

See  Article  131,  pp.  200,  201,  and  Article  282,  p.  418.) 
Let  m  denote  the  modulus,  or  parameter; 

j/q,  the  ordinate  from  the  directrix  to  the  crown ; 

X,  any  abscissa,  measured  horizontally  from  the  crown ; 

y,  the  corresponding  ordinate  from  the  directrix ; 

~^  the  tangent  of  the  slope  of  the  cun-e  at  the  end  of  tl 

ordinate^ 
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X 

V_ 

n  djf 

» 

9_ 

^ 

m 

yu 

S/odx 

m 

W9 

9**' 

o 

I  'OOOO 

•0000 

1-6 

a-5774 

2*rJ5 

o-a 

I  "0200 

•2013 

1-8 

3-1074 

294JI 

04 

I -08 10 

'4107 

2-0 

3-7623 

3-6j6* 

06 

i-»8S4 

■6366 

3-2 

4-5679 

4-4SJ' 

08 

1-3373 

•8880 

2*4 

55569 

5-4WL' 

I'O 

1-5431 

1-1752 

2  6 

6-761)0 

66947 

1*3 

I -8 106 

1-5094 

a -8 

8-2526 

81911 

1-4 

2-1509 

1-9043 

3-0 

10-0676 

lo-oijil 

To  interpolate  the  ordinate  y 
mediate  abscUsa  x 
make 

y  ^^^  _y  {]  4.j^  J !^  \ 


V  corresponding  to  as 


u,  when  —  oon-esponds  to  —  in  the  t»U» 
1/0  "* 


Vo 


1/9  tix  V 


This  computation  is  to  be  performed  by  addition  to  dif  p' 
next  below  in  the  table,  or  by  subtraction  from  the  ntn 
above,  according  as  the  intermediate  abscissa  lies  nearer  i 
next  below  it  or  to  that  next  above  it. 

When  %'ery  great  itrecision  is  not  reqmred,  the  terms  in  «* 
u*  may  be  neglected ;  but  those  in  u  and  u-  shoiUd  aiteays  be 
puted.     The  greatest  possible  error  within  the  limits  of  tht- 
by  using  equation  1  as  it  stands,  is  about  -00005;  by  ne.Lr^ 
Kind  «*,  that  limit  of  error  is  increased,  for  the  greatest  iiiL<.:ui;,^ 
ordinate  in  the  table,  to  about  -0015. 

298  A.   l^lM   cr  Aathoriiie*    oa    Wiamomrr. — (Stones,    Li!^"^ 
Cements) — Berthier,  Traili  dea  Eaaais  par  la   Vaia  tid'. 
Traiti  des  Mortiera;  Pauley  on  Cements  and  Mortars,     (il. 
genei-cil) — Rondelet,  Traiti  da  VAri  de  Bdtir;  OHuthoy,   : -; 
la  Construction  dea  Fonts;  Tredgold  on  Masonry  {Eneyc,  iiriL) 

Addendum  to  Abticlk  230,  p.  374. 
Iron  CoHcrcie  (introduced  by  Mr.  Leslie)  is  c>r 
by  weight  of  gravel,  and  I  jiart  of  ii*on  turnings, 
layers.     It  is  uaed  in  sea-works.     The  iron  \>^ 
degrees,  and  in  the  course  of  two  or  three  m- 
gravel  into  a  hard  luasa. 


.L^l 
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Section  I. — Of  Timber. 

299.  Kiractnre  of  Timber. — Ttmlier  is  tlic  material  of  trees  be- 
loDgirjg  almost  exclusively  to  that  class  ot'  tlie  vegetable  kingdom 
in  •which  the  stern  grows  by  the  formation  of  successive  layers  of 
"wood  all  over  its  external  surface,  and  is  therefore  said  by  botanists 
to  be  exfxjenoui. 

The  exceptions  are,  treea  of  the  [lalrn  family,  and  tree-like 
grasses,  snch  as  the  bamboo,  whick  belong  to  the  endoffenotis  class; 
BO  called  because,  although  the  stem  grows  partly  by  the  formation 
of  layers  of  new  wriod  on  its  outi?r  siu-fiice,  the  fibrra  of  that  new 
•wood  do  nevertheless  cross  and  penetrate  amongst  those  previously 
formed  in  such  a  manner  as  to  be  mixed  with  them  in  one  part  of 
their  course,  and  internal  to  them  at  another. 

The  stems  of  etidof,'enoiis  trees,  though  light  and  toflgb,  are  too 
flexible  and  slender  to  furaish  materials  suitable  for  important 
■workij  of  carpentry.  They  will  therefore  not  bo  further  mentioned 
in  this  section  except  to  refer  to  the  tables  at  the  end  of  the 
volume  for  the  tenacity  and  heaviness  of  bamboo, 

The  stem  of  an  exogenous  tree  is  covered  with  bark,  which  grows 
by  the  formation  of  succt\ssive  layers  on  its  inner  surface,  at  the 
same  time  that  the  wood  giowa  by  the  formation  of  successive 
layers  on  its  outer  surface.  This  double  operation  takes  place  in 
the  numjw  sjiace  between  the  previously-formed  wood  and  bark, 
during  the  cij-culation  of  the  sap.  The  sap  ascends  from  the  roots 
to  the  leaves  through  vessels  contained  in  the  outer  layers  of  the 
■wood;  at  the  suiface  of  the  leaves  it  acquires  carbon  from  the 
atmosphere,  and  becomes  denser,  thicker,  and  more  complex  in  its 
composition ;  it  then  descends  from  the  leaves  to  the  roots  through 
vessels  contained  chiefly  in  the  innermost  layers  of  the  bark.  It  is 
believed  that  the  foi-mation  of  new  wood  and  bark  takes  place 
eithrr  wholly  or  ])rincijtully  from  the  descending  sap. 

The  cii-culation  of  the  sap  is  either  wholly  or  partially  suspended 
during  a  portion  of  each  year  (in  tropical  climates  during  the  diy 
season,  and  in  temperate  and  fiolar  climates  dvirin^  tVve  rnvs 
sujd  hentx  the  wood  and  bark  are  usually  formed  in  d\s^.ulc^t~ 


mud  to  Ujo  touch,  is  really  oi 

tlie  fibres  or  ttibes  of  vascular  iam 
colK  tapering  to  ]>oint8  at  the 
«Bch  other. 

The  t<'nncity  of  wood  when  Bt 
on  the  tcimcity  o(  the  walls  of  th< 
"Huml  when  strained  " across  the  [ 
tho  sidoB  oi'  the  tubes  and  cells 
diSerouoo  of  streogth  in  those 
•fWwardA. 

When  a  woodj  stem  ia  cut  acm 
are  seen  to  be  arranged  in  the  foil 

In  tiie  centre  of  the  stem  is  tho 
enclosed  in  the  medullary  Hheath, 
of  a  piurticiUar  kind.  From  th 
outwarda  to  tho  bark,  thin  part 
mitduUary  rayt;  between  these,  « 
inwards  fironi  the  bark  to  a  great 
penetrating  to  the  pith. 

When  the  medullary  rays  are  1 
are  called  "  nlver  grain.'" 

Between  the  medidlary  rays  lie 
ing  the  woody  fibre,  amxngcd  in  i 
round   the   pith.      These    rings 
medullary   rays.      The  boundiuy 


SAP-WOOD  AJra   HXABT-T/OOD — Pl»£-WOOD   AMD  LEAF-WOOD. 

bet"ween  the  sap-wood  and  the  heart- wood  is  in  general  distiiirtlv 
marked,  as  if  the  change  fi-om  the  former  to  the  latter  occurred  iii 
Ih.-  course  of  a  single  year.  The  following  examples  of  the  pro- 
I  •'  >rtiou  of  sap-wood  to  the  ontii-e  volume  are  given  on  the  authority 
of  TreJujold.     {Principlea  of  Carpmbry,  Section  X.) 

Thick  ncaa    Proportion 
Age.        DUmcur.       Ringaof        of  orS:ii>- 

TMn.         Inoho.       Sap-wood.  S.ip-wood.      wood  to 

Incbw.    whole  I'mnk. 


Tmc 


Chestnnt, 58 

Oak, 65 

Scotch  Fir, ? 


DUmcur. 
Inoho. 

24 


7 

1 


;! 


01 

0294 

0-416 


The  following  ilata  are  given  on  the  authority  of  Mr.  Robert 
Mumiy,  C.E.     {Encyc  Brit.,  Article  "  Timber.") 

Tree.  ttngiof 

Snp-wood. 

Zbglisb  Oak  {Quercue peduneulata), la  to  15 

Durmast  Oak  {Quereus  aessilijlora), 30  to  30 

Chestnut  (Ceutenao  F<um), 5  or    6 

Elm  (CT/miM  campeHrut), about  10 

,.15 

..     30 
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Larch  {Larijs  Europcea),. 

Scotch  ¥'a  {Pintia  tylveglnt), 

Mcmel  Fir  {Plnus  aylvestris), 

Canadian  Yellow  Pine  (Ptitus  variabilia)^ 


The  stiTJcture  of  a  branch  is  similar  to  that  of  the  trunk  from 
wbtcli  it  springs,  except  as  regards  the  difference  in  the  nnmber  of 
annual  rings,  corresponding  to  the  difference  of  age.  A  brancli 
beconn'S  luirti.illy  imbedded  iu  those  layers  of  the  trunk  wliich  aro 
fortHcd  after  the  time  of  its  first  sprontiugj  it  cjiuaes  a  jifrforatioii 
in  those  Livors,  .nccompaiiied  hy  distortion  of  their  fibres,  and  oon- 
(ititates  what  in  called  a /biot.  (On  various  matters  mentioned  in 
this  Article,  »eo  Balfour's  Mamtal  of  Botany,  Part  I.,  chaps, 
i.  and  ii.) 

300.  TtMbcr  Trees  Clasacd— Plne-'n-»iMi— f .raf-wood.— For  purposes 
©f  carptiitiy  trees  may  be  classed  according  to  the  mocbanical 
stmotui-e  of  the  wood.  It  hoa  already  been  stated  that  the 
ln>tanical  classes  of  Endogens  and  Exogens  correspond  to  es»eutial 
differences  of  mechanical  structure. 

In  further  di\'iding  the  class  of  Exogenous  trees,  or  timber-troea 
proper,  according  to  the  structure  of  the  wood,  a  division  into  two 
dasaes  at  once  suggests  itself,  which  exactly  corresponds  with  a 
botanical  diviaion,  viz  : — 
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Pine>«Tood.  Comprising  all  timber- trees  beloDgiDg  to  I 
order;  aud 

l.<«r-wo«(i,  comprising  all  other  timber-trees. 

Beyond  this  primary  division,  the  place  of  a  tree  in 
cal  eystom  baa  little  or  no  connection  with  the  str 
timber. 

A  classific4ition  of  timber  accoi-ding  to  its  mecliantcal  i 
was  proposed   by  Tredgold,  founded,   iu   the   first   pi 
greater  or  leas  distinctness  of  the  medullary  rays;  and 
4)n  the  greater  or  less  distinctness  of  the  annual  rings. 

I  that  classification,  pine-wood,  or  coniferous  timber,  is  plac 
tame  class  with  leaf-wood  that  has  the  medullary  rays  indii 
and  this  is  certainly  a  fault  in  the  system.     If,  however,  pine 
be  placed  in  a  class  apart,  Tredgold's  system  nmy  very j 
applied  to  divide  and  subdivide  the  class  of  leaf-wood; 
to  be   obsened  that   the   characters   on    which    that 
founded,  being  inei*e  differences  in  degree,  and  not  in  kin^ 
of  that  definite  satt  which  a  thoroughly  satisfactory 
elassitication  requires;  and  if  they  are  adopted,  it  ia 
bolter  set  of  distinguishing  diameters  ha.s  yet  been  proi 

The  foUowiiig  is  a  condensed  view  of  the  clu^sificiiti< 
genous  tinibef,  as  above  described :  — 

CLASS  1.     Pine-wood.     (Natural  order  Con(/<TWP.)^I 
-—Pine,  Fir,  Ljircb,  Cowrie,  Yew, 
per,  Cypress,  ic. 

CLASS  II. — Leaf-wood.     (Non-coniferous  trees.) 

Dlvi3io>f  L  With    distinct  large   medullary   inj 
ti-ees  in  this  division   form 
natural  order  Ameatacca.) 

Subdivutum    1.  Annual   rings    distinct. — 1 

Oak. 
Sitbdivision  TL  Annual  rings   indistinct, — ] 

— Beech,  Alder,  Plane,  Syc 

Division  II,  No  distinct  large  medullary  rays. 
Subdivinon    I.    Annual    rings     distinct^ — ] 

—  Chestnut,  A»h,  Elui,  kxa,^ 
Subdivision  II.  Annual  rings  indistinct. — J 

— Maliiigany,  W;duut, ' 

Box,  itc 

Till'  ch 'if  practical  beai-ings  of  this  clnsBificatidn  ■ 
Pine-wood,  or  coniferous  timber,  in  most  msrs,  ci  i 
lis  distinguisbud  V)*/  atntvy^vUxc^  \\\  \Xv<5  V:&n<&  uwl  x« 


TTSTBiai  CXASSED — APPEAHANCE   OF  GOOD  TIMBER. 

figure  of  the  treesj  qualities  favourable  to  its  use  in  rarpentry, 
especially  where  long  jiiecea  are  required  to  bt«r  either  a  direct  pull, 
or  a  trangverse  load,  or  for  purposes  of  planking.  At  the  sutne 
1  *  time,  the  lateral  adhesion  of  the  fibres  is  small;  bo  that  it  ia  much 
more  easily  shorn  and  split  along  the  grain,  or  torn  asunder  acroas 
the  grain,  than  leaf-woctd;  and  is  therefore  k-ss  litted  to  resist 
thrust  or  shearing  stress,  or  any  kind  of  stress  that  doea  not  act 
along  the  fibres.  E\en  the  toughest  kinds  of  pine-wood  are  easily 
wrought.  A  peculiar  charactenstic  of  pine-wooil  (but  one  which 
I'  i  tequires  the  microscope  to  make  it  visilile)  is  that  of  having  tho 
pt,  Tftscular  tissue  "punctated,"  that  is  to  say,  there  arc  small  leuticu- 
kdyvr  hollows  in  the  sides  of  the  tubular  fibres.  This  structure  is 
^^Bobably  connected  with  the  smallnesa  of  the  Literal  adhesion  of 
Xlhose  fibres  to  each  other. 

In  Leaf-wood,  or  non-coniferous  timber,  there  ia  no  turpentine. 
The  degree  of  distinctness  with  which  the  stnictni'o  is 'seen, 
whether  as  regards  medullary  rays  or  aniiual  rings,  dtpend.s  on  tho 
degi"ee  of  difference  of  texture  of  different  parts  of  the  wood. 
Such  difference  tends  to  jiroducc  unequal  shrinking  iu  drying,  and 
consequently  those  kinds  of  timber  in  which  the  medullmy  niys^ 
and  the  annual  rings,  are  distinctly  uiai-ked,  are  more  liable  to 
warjj  than  those  in  which  the  texture  is  nmre  uiiil'onu.  At  the 
Bame  time,  the  former  kinJs  of  timber  are,  on  the  whole,  the  laoro 
flexible,  and  iit  many  cases  are  voiy  tough  and  strong,  which 
qualities  make  them  suitable  for  structures  that  have  to  bear 
shocka. 

301.  Appearance  orge«d  Timber. — There  are  certain  appearances 
which  are  characteristic  of  strong  and  durable  timber,  to  what  claas 
soever  it  belongs.  . 

In  the  same  species  of  timber,  that  specimen  will  in  general  be 
the  strongest  and  the  most  dumble  which  hiis  grown  the  slowest, 
as  shown  by  the  narrowness  of  the  annual  rings. 

The  cellular  tissue  as  seen  in  the  medullary  rays  (when  visible) 
should  be  hard  and  compact. 

The  vascular  or  fibrotis  tissue  should  adhere  firmly  tftgethcr,  and 
should  show  no  wofdiuess  at  a  freshly -cut  surface,  nor  should  it 
clog  the  teeth  of  the  saw  with  ]oose  fibres. 

If  the  wood  is  coloiu-ed,  darkness  of  colour  is  in  general  a  siga 
of  strength  and  durability. 

The  freshly-cut  surface  of  the  wood  should  be  firm  and  shining, 
and  should  have  somewhat  of  a  translucent  appearance.  A  dull, 
chalky  apf»eai"ance  is  a  sign  of  bad  timber. 

Tti  wood  of  a  given  species,  the  heavier  specimens  are  in  general 
the  stronger  and  the  more  lusting. 

Amongst  resinous  woods,  those  which  have  \eaalt  xma  vo.  ^^«iit 
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t  other  kinds  of  gpntoe  fir,  •Miltecl  to  the  maid  pitr-| 

the  North  Amcricaa  White  ^irooe  {Jbim  Mm),  and  i 
?prTjco  {dbiee  nirfjrt).  ' 

The  Larcii  (Larix  Eiiropaa),  grown  in  Tiurioiu  pnrta 
>,  fumisLm  timber  of  rp'ttiit  strength,  and  remarkable  fai*1 
Utv'  wLi'ti  ox|K>i>ed  to  tliL'  weattxT  ;  but  harder  to  w«Hc  and 
:t  lo  wftrp  than  re<l  iiinn.     The  Wat  sort  hue  tho  bunltT 
9  rings  of  a  dark-red,  and  tho  softer  part  of  a  h.antf'jnl- 
ltd  riugs  nn?  somewhat  <1     '         '  fredt^e. 

iorth  Atnoricati  3j)ocies,  (  Haccmatiick 

I'l  the   Ked  Ijnch  {Laru:  nucraoirpa),  produee 
it  of  the  European  Larch. 
Cu>vi;iK  or  Kawrie  {Damtnara  Auttralu\  a  ooniferou 
N^,  grown  iu  New  Ze.'tlaiid,  prodnoea  timber  sntuhir  in  ite  pro- 

Eie«  to  Hiti  btet  kinds  of  pine,  rxccpt  that  it  is  «ud  to  be  more 
le  to  -wurp,  atid  more  variable  in  ijmUitjr.     It  is  of  a  brcnmiah- 
eolour,  and  more  nuiform  in  ite  textore  than  red  pine  and 

le  term  CcitAii  ii  applied,  nut  ouly  t  >«tef  tliB  tnm 

'^*drua  Libant},  Ijut  also  to  that  of  \  i-^ 

(such  as  Jimipenu  Viv^niatui)  and  (it  Cj-]ire*s.     All 
wood  are  reruarkabit;  for  diirability,  iu  which  the}" 
timber;  but  they  are  dc-ficieut  in  strength, 
Xoiatirlni  •fl.-fP-wJ     Owte.  Kvech.  Alder,  PteMs.«fca 
kimlB  of  timber  which  head  this  article  belong  to  tlur  tii 
•if  Trcdguld's  sj-stena,  being  that  in  w-hich  there  are 
medulluxy  ruys.     Of  the  examples  cited,  the  Oak  i ' 
to  the  first  eiibdi\ision,  in  which  the  divisions  betweet 
rintrs  ore  distiuetjy  niarkt-d  by  circles  of  pores.     Tht 
the  BQCond  Bnbdivision,  in  which  the 
•  d. 

I  ^t,  t«:)iiglie8t,  and  most  Instin};  of  thoaoi 
,  is  the  produce  rrf  variouM  «{tccn<N 
l-Li;  UiLauioii  genua  Qv«rcu8.     1"  there  urf  twc 

\V.  irfP9\  fiTid  it  i?  doubtfn]  wl  y  are  distJnc' 

Oak  {Querew  Jiobur, 
wiiiah  tiio  uooruii  grow  on  stalks,  and  tl 
1  nil  (I 

iik.or '  'rtusessVr' 

,^  gntw  in  •  lave3hu^| 

thorn  Iduda  uf  oak  coma  to  their  greateMt  ^iVTii^UQU  11 

wood  of  fch/'  gtalk'fniitcd  oak  is  lightvr  in  coVjiw,  voA 
>'-rfm!*  nod  duttjact  liiedujiaiy  r*y»  |^^^^^   til 


^  yy^TODia  gnade  of  green  in 
■™»,  very  small  and  regdui 
pact  mpduljary   rays.      Thick 
wufjice.  and  a  reddish,   or  "  fl 
IH»naliiil,le  wood. 

It  is  con«ideiied  that  oak  tim 
IW  yoani,  at  whioJi  i>.Tiod  t.j.ch 
7o  cubic  loet  oftimW;  and  thu 
Bixtieth  year  of  ita  age,  nor  Lue, 
Ihe  sjHJcies  of  oak  iti  North 
best  of  thoni  are,  the  Red  Oak 
{<Mrcus  alba),  which  are  litth 
kn.ds.  and  the  Live   Oak  {<M 
8»lwior  in  sttfnpth,  toughness,  , 
but  IS  so  niro  jus  to  be  ri^served  e' 
rhe  wood  of  \\w  oak  cont^vin, 
tnbutes  to  tlic  dtiinbility  of  tlio 
lasU-ninga. 

The  following  are  examples  < 
siUKliviKion : — 

ir.   Keech  {Fa^rus  tijvattea), 
in.  A^umi  (Alnm  ,j/.utinom), 

^-  .'"  ^"*land  and  the  North 
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fcnnnal  rings  distinctly  marked  by  a  more  porous  structure.     They 
Are  in  general  strong,  but  flexible. 

I.  The  Chestnut  {Caatanea  veaca)  yields  timber  resembling  that 
of  the  cluster-fruited  oak,  except  that  it  ia  without  large  medullary 
rays,  and  baa  less  sap-wood.  Its  properties  resemble  those  of  onk 
timber,  except  that  the  eheatnut  timber  is  less  dxirable,  especially 
when  obtained  from  old  trees. 

II.  The  Ash  (Fraxinus  excdaior)  furnishes  timlxr  whose  tough- 
ness and  flexibility  render  it  !nii>erior  to  that  of  all  other  European 
trees  for  making  handles  of  tools,  shafts  of  carnages,  and  the  like; 
but  which  is  not  sufficiently  stifl"  and  durable  to  be  used  in  great 
■works  of  carpentry.  The  colour  of  the  wood  is  like  that  of  oak, 
but  darker,  and  with  more  of  a  greenish  hue;  the  annual  rings  are 
broader  than  those  of  oak,  and  the  difference  between  their  com- 
pact and  porous  parts  more  marked. 

III.  The  common  Elm  (tVrmwr  campegtru)  and  Smooth-leaved 
£lm  {Utnina  glabra)  yiehl  timber  which  is  vjiluetl  for  its  durability 
when  constantly  wet,  and  is  specially  suited  for  piles  and  f<ir  plank- 
ing in  foundations  under  water.  Its  atrengtii  across  the  grain, 
and  its  resistance  to  crushing,  are  compamtively  great;  and  these 
properties  render  it  useful  for  some  parts  of  mechanism,  such  aa 
hatm  of  cart  w^heels^  shells  of  ships'  blocks,  and  the  like.  It  is 
not  suited  for  great  works  of  car[>entry.  There  are  other  European 
species  of  elm,  such  as  the  Wych  Elm  ( Ulmxu  morUana),  but  their 
timber  is  inferior  to  that  of  the  two  species  named. 

A  North  American  species,  the  R<5ck  Elm,  is  said  to  be  not  only 
durable  under  water,  but  stmight-graiaed  and  tough,  so  as  to  be 
•well  suited  for  long  beams  and  ties. 

305.  Ei«air-wo*d  CAiittBned.— mnbosnnri  Xenk,  Greeaheniti  ITIom. 
— These  kinds  of  timber  are  examples  of  the  second  Bubdivision 
of  Tredgold's  second  division,  having  no  large  distinct  medullary 
rays,  and  no  distinct  diflerence  of  compactness  in  the  rings. 
This  uniformity  of  structure  is  accompanied  by  comimrative  freedom 
from  warping. 

I.  Mamooany  {Swieienia  mafiogani)  is  produced  in  Central 
America  and  the  West  Indian  Islands,  thstt  of  the  former  region 
being  commonly  known  as  "  Bay  Mahogany;"  that  of  the  latter  as 
"  Spanish  Mahogany."  When  of  good  quality,  it  is  very  8trr>ng  in 
all  directions,  very  durable,  and  presenes  its  shape  under  varying 
drcumstances  as  to  heat  and  moisture  better  than  any  other  kind 
of  timber  which  can  be  procured  in  equal  abundanca  Mahogany 
■varies  much  in  quality ;  bay  mahogany  being  in  general  sufjerior 
to  Spanish  mahogany  in  strength,  Etiffness,  and  durability,  and  in 
the  size  of  the  logs.  Spanish  mahogany  is  tho  more  highly  valued 
for  omameDtal  purposes. 


i 


I 


446 


MATEUAU  ASS  SnCCXUBBa, 


I 


Spanish  mahogkuy  is  distiuguished  by  Iwvuig  u  wUtt 
BubstAnce  iu  ita  pores,  tliose  of  hay  mahogfutj  boiBg  MBptj. 

II.  Tkak  (jTwiona  ffrandis),  bom  its  great  sUvqgUi* 
toughuese,  and  dombility,  is  the  must  Taloable  of  aU 
carpentty,  e^wcially  for  ship-building.     It  is  {imdaoai  i 
moaotainouii  districts  of  south-eastern  Asia  and  tbe  Eut 
Islands.     The  best  comes  &om  Malabar,  Ceyluu,  Joliure,  ainl 

Good  teak  resembles  oak  in  colour  and  Instil,  is  v    — 
and  compact  in  texture,  and  has  very  narrow  aud  nv 
rings.     It  contains  a  resinous,  oily  matter  in  ita  ponea,  m  u^si 
extract  which,  the  tree  is  sometimes  tap{^^>ed ;  but  this  iojvfli]^ 
Bbvngth  and  durability  of  the  timber,  and  ,<-.'.. 
Insects  do  not  attack  teak,  and  iron  is  not 
with  it,  unless  it  has  been  grown  in  a  marshy  buii. 

III.  Greexheabt  {Nedandra  Bodieei^  a  trp«  nf  Bri^ 
yields  a  very  strong  and  durable  timber,  C' 
quality  for  ship-budding  and  all  kinds  of  Ciu 
piled  foundations  and  other  structures  imdcr  wtiU:r. 

rV.  MoBA  {Mora  exceLia),  also  a  tree  of  British  Gu 
a  first-class  timber  for  ship-building. 

306.  Ijitmt^wo*^     cottilaacd.  —  IrMi^kark.    BlacaynB, 

These  are  three  of  the  numerous  species  of  the  genus  £i 
peculiar  to  Australia.     They  yield  timber  of  great  si 
and  durability ;  and  that  of  the  iron-bark,  in  particular,  is 
be  of  the   first  class  for  ship-building.     The   wood  of  i 
is  white  or  yellowish ;  that  of  blue-gum,  straw-colour^ ;  diil 
jarrah    resembles    msihogany,  and    is    sometimes    called  "-^^ 
tralian  Mahogany."     The  Eucalypti,  iu  common  with  wot 
Australian  trees,  are  distinguished  from  the  trees  r*"    *'•  - 
of  the  globe  by  being  more  cosily  split  in  concentri 
planes  radiating  from  the  ]>ith]  and  the  most  fre'ii"!      • 
tiieir  timl.ier  is  the  occurrence  of  cylindrical  cleft;.  .  f  tl 
iillosd  with  gum. 

307.  InAucBce  of  8«il  itad  Clinute  an  Trc««. — Mast  timfcr ' 
are  ca{)able  of  fluuiishing  in  a  great  variety  of  soils.  The  M 
fur  all  of  them  is  one  wliich,  without  being  too  diy  aiid  || 
allows  water  to  escape  ireely,  such  as  gravel  mixod  wiOi  I 
loatn. 

The  most  iujiirious  soil  to  trees  is  tlrnt  of  Bwampy  ^ptMBi 
taiuiug  staguuut  water;  it  never  fails  to  make  the  Lunbirl 
nnd  periMliiible.  ■ 

As  to  the  iutluunoe  of  climate,  two  general  latrs  teem  to  ■ 
that  the  strongest  timber  is  yielded,  ai  '^f<rrfnt  ifM 

tge^i^  by  Utos«  produced  in  tcovical  climii-  >  .mioo^fl 
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plified  in  auch  woods  as  teak,  iron-wood,  ebony,  and  lignum- 

surpassiog  in  strength  all  those  of  temperate  cliiaates :  the 

nd,  in  the  red  pinu  of  Norway,  as  compared  Vi-ith  that  of  Scot- 

.nd,  in  the  oak  of  Britain  as  compared  with  that  of  Italy,  and 

en  in  the  oak  of  Scotland  and  the  Nortli  of  England,  as  compared 

ith  that  of  the  South  of  England. 

308.  Age  and  BcaaMi  far  (clUag  TtakWr. — There  is  a  certain  age 
of  maturity  at  which  each  tree  attains  its  greatest  etrength 
diii-ability.  If  cut  down  before  that  age,  the  tree,  besides 
amaller,  contain.^;  a  greater  proportion  of  sap-wood,  and  even 
li«irt-wood  is  less  strong  and  lasting;  if  allowed  to  grov  much 
beyond  that  age,  the  centre  of  the  tree  begins  either  to  become 
brittle,  or  to  soften,  and  a  decay  commences  by  slow  degrees, 
which  finally  renders  the  heai't  hollow.  The  age  of  maturity  is 
therefore  the  best  age  for  felling  the  tree  to  produce  timber.  The 
following  data  i-especting  it  are  given  on  the  authority  of  Tred- 
gold:— 

A^  of  Maturity. 

r  Years, 

Oak, I     60  to  200 
'  \  average  100 

Ash,  Elm,  Lai-cb, 50  to  100 
_                    Fir, 70  to  100 

The  best  season  for  felling  timl)er  is  that  daring  which  the 
eap  is  not  circulating — that  is  to  say,  the  winter,  or  in  tropical 
ckmates,  the  dry  season ;  for  the  sap  tends  to  decompose,  and  so 
to  cause  decay  of  the  timber.  The  best  authorities  recommend, 
also,  as  a  means  of  hardening  the  sap-wood,  that  the  bark  of 
trees  which  are  to  be  felled  should  be  stripj>ed  off  in  the  preceding 
spring. 

Immediately  after  timber  has  been  felled,  it  should  be  aqvared, 
hy  flawing  off  four  "  slabs"  from  the  log,  in  order  to  give  the  air 
MOMS  to  the  wood  and  hasten  its  drying.  If  the  log  is  large 
enough,  it  may  be  sawn  into  quai-ters. 

30U.  s«aiMBiMc,  Naiaral  and  Artiacial. — Seasoning  timbof  con- 
sists in  expelling,  as  far  as  possible,  the  moisture  which  is  con- 
tained in  its  pores. 

Natural  Seasoning  is  performed  simply  by  exposing  the  timber 
freelv  to  the  air  in  a  dry  place,  sheltered,  if  possible,  tvota.  sunshine 
and  high  winds.  The  seasoning  yard  should  be  paved  and  well 
drained,  and  the  timber  supported  on  cast  iron  b«»rers,  and  piled 
an  as  to  admit  of  the  free  circulation  of  air  over  all  the  sorfaoes  of 
the  piecesL 

Natural  seasoning  to  h't  timber  for  carpenter^  niotV  \aiv&siS^'] 
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occupies  about  two  years;  for  joiners'  work,  altout  four  yean; 
tmich  longer  periods  are  sometimes  employed. 

To  fltecp  timber  in  water  for  a  fortnigbt  after  felling  it  oM 
part  of  the  anp,  and  makes  the  drj'ing  pi-ocess  more  rapid. 

The  beat  method  oi  Ariificial  Seasoniny  consists  in  exYoatf 
timber  in  a  chamber  or  ovtni  to  a  current  of  hot  air. 
Davison's  process,  the  current  of  air  is  impelled  by  a  fen 
rate  of  about  100  feet  per  secondj  and  the  fan,  niv  "■•- 
chamber  are  so  projjortioued,  that  one-third  of  the  . 
the  chamber  ia  blown  through  it  per  minute.     TL.-  .-  >.  > 
ature  for  the  h<it  air  varies  with  the  kind  and  dimensions 
timber;  thus,  for 

Oak,  of  any  dimenaiona,  the  temperature 

should  not  exceed ►... I05' Fahr.     , 

Leaf-woods  in   general,   in  logs   or   largo  I 

pieces ^*  to  lOO*    ' 

Pine-woods,  in  thick  pieces uo' 

„         in  thiu  boards, 1^0"  to  3C^ 

Bay  mahogany,  in  boards  one  inch  thick,...  280"  to  joo' 

The  time  required  for  drying  is  stated  to  be  as  follows:— 

Thickness  in  inches, i,  J,  3,  4,  6,   S; 

Time  in  weeks, t,  a,  3,  4^  7, 10, 


the  cun-ent  of  hot  air  being  kept  up  for  twelve  hourt  ftfi 
only. 

The  drying  of  timber  by  hot  air  from  a  furnace  has  ■hpj 
practised  successfully  by  Mr.  James  Robert  Napier,  in  « 
chamber,  through  which  a  cun-ent  is  produced  by  the  draug' 
chimney.     The  etjuable  distribution  of  thi«  hot  air  amc 
pieces  of  timber  is  insured  by  introducing  the  hot  air  clc 
roof  of  the  chamber,  and  drawing  it  off  through  holes  in  tlwl 
into  an  underground  flue.     The  hot  air  on  entcrin-/  1..  i-'  w*^ 
rare  than  that  already  in  the  chamber,  which  is  [■ 
spreads   into  a   thin   stratum   close   under   the  nj^..  ...^ .  .,.■ 
ally  descends  amongst  the  pieces  of  wood   to   the   flo<>r.     "^ 
air   ia   introduced   at   the   tcmi^eratui-o   of  2411"  Falir,     Tl*  <5 
pcnditure  of  fuel  is  at  the  rate  of  1  lb.  of  coko  for  every  3 11*  * 
moistui'e  evaporated. 

Many  experiments  havo  been  made  on  the  loai  uf  \^ 
rinlu^e  of  dimensions  undergono  by  tiuibt'r   in 
"i  the  dotails  may  1>t<  found  in  the  works  of  Fine 
tilding,  Trcdguld  on  Carperary,  "ii^s.  "VUito.!   on 
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The  results  of  these  experiments  vary  so  mncli  that  it  is 
Iniost  impossible  to  condense  them  into  any  general  statement, 
"ixe   followJDg  shows   the    limita  within  which    they  generally 

~    .  Los*  of  Weight   Transverse  Sbriak- 

*""""•  per  Cent.  ing  per  Cenu 

Red  Pine, from  u  to  25  2^  to  3 

Auiericau  Yellow  Pine, „     18  to  27  2    to  3 

Ijirch, „       6  to  25  2    to  3 

Oak  (13ntish), „     16  to  30  a1x>nt8 

Elm        „       „    n1>out40  about  4 

Mahogany, „     16  to  25 

310.  Dntnbilltr  and  D<Rcnr  of  Timber. — All  kinds  of  timber  are 

ost  histing  when  kept  constantly  dry,  and  at  the  same  time  fivulv 
tiJated. 

TimU^r  kept  constantly  wet  is  softened  and  weakened;  but  it 
Ice*  not  necessarily  decay.  Viirjous  kinds  of  timbei*,  some  of 
hich  hiive  been  already  mentitmed,  such  as  elm  aud  beech,  jwsseas 
jreat  dursibility  in  this  condition. 

Tlie  situation  which  is  least  favourable  to  the  duration  of  timber 

that  of  alternate  wctnesii  and  di-yness,  or  of  a  slight  degit;e  of 

oisturc,  especially  if  accompanied  liy  heat  and  confined  air.  For 
necea  of  carpentry,  therefore,  which  are  to  be  exposed  to  these 

.uses  of  decay,  the  most  durable  kinds  of  timl>er  only  are  to  bo 

uployed,  and  proper  precautions  are  to  be  taken  for  their  preser- 

ktion. 

Slaked  lime  hastens  the  decay  of  timber,  which  should  therefore, 
in  buildings,  be  protected  ajsrainst  contact  with  the  moi-tar. 

TimlxT  exposed  to  conUncd  air  alone,  without  the  presence  of 
my  considerable  quantity  of  moisture,  decays  by  " dn/  rot"  which 

accom])anied  by  the  growth  of  a  fungus,  and  tinaily  converts 
ihe  wood  into  a  fine  jKiwder. 

The  following  table  shows  the  comparative  durability  of  some 
:inds  of  timber  for  ship-building,  as  estimated  by  the  comniittco  of 
Jojd's. 

1 3  years.  Teak,  Britisli  Oak,  Moi-a,  Greenheaii.,  Iron-bark,  SauL 
10      „      hay  Mahog&uy,  Cedar  {Juniperus  Virginiaiia.) 
9      „      Etiropean     Continental    Oak,    Chestnut,    Blue-gum, 

Stringy -bark  [Eunilyptttg  gifjnntea.) 
8      „      North  American  White  Oak,  North  American  Chest» 

nut. 
7      „      Larch,  Hackmatack,  Pitch  Pine,  English  Ash. 
6      „      Cowrie,  American  JRock  Elm. 

2q 
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for  I^^^^^^^^^HwpHci 
X  rotcoUo^^lffBBBH^^^^^'aFy  to 
th«  tirnifCT  with  NolutlotM  nf  jia 
puiTKMK)   Ohanmnii    onij»loyt;«l    co 
Kyiin,  corrosive  Kubluuate  {l/iefUc 
Bunicit,  chlurvU  of  zinc.      All 
Bt>  long  SA  thoy  rcmnin  in  it«  p 
thciy  nri'  ynkdimlly  romovpfl  hy  th 
lu  plnuting  ]>fiiuH  it  in  advisahl 
beton,  t«rminutc'd  ubuvo,  mo  as  to 
Dr.  Botid»(*rif»  ernploya  a  Aolutic 
one   iiuii<lro(l  \\mv»,  \t>\  weight  o 
wmtftinod  in  a  tank  al)out  30  or  4( 
deacpr.cU  through  n  flcxiblo  tiibo  v 
log,  whence  it   is  fttrwfl  by  tho  j 
iibovo  it  through  th«  tubes  of  th« 
Nip  Vit'foro  it  at  tho   otljcr  end  c 
cU*aroJ  of  wip  and  filled  with  th©  M 
Ti labor  ia  i>iv>t(.'ct<-d  not  only  a; 
•gainst   white  anta  and   Hca-worxn 
nitumtinn  with  the  liqiiicj  cnlled  o 
a  kind  of  pitch  oil.     This  ia  c-ffc< 
ttiid  luoLituro  from  the  porea  of  the 
which  a  partial  vacuum  ia  kept 
fmving  tho  civoaott'  into  these  iK)re 
on  tho  Rquaro  inch,  which  is  kept 
abKirbK  from  a  niulh  to  n  liccffih  of 

d  1 2.  _«tt«>||thoLUillbi^BAiMI 


8TRENGTII  OF  TIMBER. 


The  following  are  some  general  remarks  as  to  tlie  different  wa3'a 
which  the  strength  uf  timber  m  exerted  : — 

I.  The  Tenacity  aJ<>ng  th«  grain,  de]teuding,  as  it  does,  on  the 
etiHcitT  of  the  fibres  of  the  rauciilar  ti*Hue,  is  on  the  whole  greatoBb 
those  kinds  and  pieces  of  wotxi  in  wliich  those  libivs  are 
Itraight^st  and  most  diatinctJy  marked.  It  is  not  matei-ially 
kflcct'Cd  by  temporary  wetness  of  the  timber,  but  is  diminLshod 
)y  long-continued  saturation  with  water,  and  by  steaming  and 
soiling. 

The  tenacity  ttcross  llie  grain,  depending  chiefly  on  the  lattrral 
tdhe»ion  of  the  fibres,  is  always  cousiderably  less  than  the  tenacity 
iJong  the  grain,  and  is  diminished  by  wetness  and  increased  by 
liynesB.  Very  few  exact  expcrimeuta  have  been  made  upon  it. 
ta  smallness  in  pine-wood  as  compared  with  leaf-wood  forms  a 

arkcd   distinction   between    those    two   classes   of    timber,    the 
(Topoition  which  it  bears  to  the  tenacity  along  the  grain  baring 

len  found  to  be,  by  some  exixniments, 

In  pine- wood,  from  l-20th  to  1-lOth. 

In  leaf-wood,  from  l-'jth  to  l-4th,  and  upwards. 

XL  Tlie  RESiSTANrE  to  Shearing,  by  sliding  of  tho  fibres  ou 
each   other,  is  the  same,  or  nearly  the  same,  with  the  tenacity 
lorosR  till!  grain.     As  to  sfi&iring  across  Ute  grain,  see  Article  32^, 
-iGO. 

in.  The  Resista^c'E  to  Chusiung  along  the  grain,  depending, 
it  does,  on  the  resistance  of  the  fibi-es  to  being  crippled  or 
*iipeet,"  and  split  asunder,  is  greatest  when  their  lateral  adiiesion 
■  greatest,  and  has  been  found  by  Mr  Hodgkinson  to  be  nearly 
.irioe  08  great  for  dry  timber  as  for  the  same  timber  in  the  gi-ecii 
te.  In  most  kinds  of  timWr,  whon  dry,  it  i-angos  frum  one-hulf 
^  two-thiifls  ol'  the  tenacity  (p.  230). 

Exfieriments  have  been  nmde  on  the  crushing  of  timber  across 
the  gruin,  which  takes  place  by  a  sort  of  shearing;  but  they  have 
unf  iVd  to  any  precise  result,  except  that  the  timber  is  both  more 
iblo  and  weaker  against  a  transven^e  than  agnisist  a 
iual  pressure;  and  consequently,  that  intense  tmnsverse 
eoitiprfiision  of  pieces  of  timber  ought  to  be  avoided, 

rV  The  Modulus  of  Rupture  of  timber,  which  expresats  its 
hesiistance  to  cross-brenking,  is  usually  somewhat  les.«i  than  its 
tenacity,  bnt  seldom  much  less.     (See  Article  1G2,  p.  252.) 

V.  The  Factor  of  Safety,  in  various  victual  structures  of  car* 
lentry,  ranges  from  4  to  14,  and  is  on  an  average  about  Id. 
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^s  {Artocarpua  intetfri folia), 

Jack.     Seo  « Cos."  M 

tHlmira.     See  "  Tnl  "       

PaIoo(irtmtt*op,/«,;»,„rf^)^ ^ 

Satinwood      Sc.e"nun,to." 

T«ik  {TectmagrandU) .:;..;;;  J 

ADomoxAi.  Data  from  the  Exra' 
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312  A.  Conpnmtire  Valne  of  Timkcr. — The  following  table  shows 
pproximatoly  tlie  comparative  prices  of  different  kixida  of  timber 
in  Britain,  that  of  the  best  Bussian  Kcd  Pine  being  taken  as  the 
■nit.* 

Yellow  Pine, 091  to  0-93 

Red  Pine, 0-9210  i-oo 

Beech,.. ...,..,... I -17 

Elm, I  17 

Ash , 1-56 

Oak — from  old  ships, o-ya 

and  upwards. 

„  Canadian, ro8 

„    British — accoi-ding  to  size, 1-33  to  2-00 

Teak — African, 1  Ho 

„        Indian, 2'6o 

Mahogany, fmm  i* 

to  54 


Section  II. — OfJointa  and  Fastenings  in  Carpentry. 

313.    ClMuiScatioD  nad  CSmeml  Priuclplni. — The  joints,    Or    Blir- 

bees  at  which  the  pieces  of  timber  in  a  frame  of  carpentry  touch 
each  other,  and  the  fastenin^a  which  connect  those  pieces  together, 
are  of  various  kinds,  according  to  the  relative  positions  of  the 

Kieces,  and  the  forces  which  they  exert  on  each  other.  Joints 
ave  been  classed  by  Robison  and  Tredgold ;  and  those  authors  are 
Very  nearly  followed  in  the  following  classification,  which  will  be 
he  bettor  understood  by  referring  to  the  previous  portion  of  this 
rc>rk  which  relates  to  framework  in  general,  viz. : — Part  II., 
Chapter  I.,  Section  IV.,  Articles  111  to  122,  pp.  173  to  185:— 

I.  Joints  for  lengthening  tiea 

II.  Joints  for  lengthening  struts. 

III.  Joints  for  lengthening  beams. 

I  v.  Joints  for  supporting  beams  on  bcam& 

V.  Joints  for  siipmirting  l>eam3  on  ]x)8ts. 

VI.  Joints  for  connecting  struts  with  ties. 

faateninga  may  be  classed  as  follows : — 

I.  Pins,  including  treenails,  nails,    spikes,   screws,   and  bolts; 
K>iug  fastenings  which  are  tixposed  princij)ally   to  shearing  and 
Ijending  stress. 

"  TIi'"«  comTKirwtiTe  prices  are  piven  accordinR  to  Laxton^s  BuilderU  Price  Boolt 
>r  IHTI,  the  price  ot  the  best  red  fine  in  scantliogs  being  2«.  91.  ^t  cuVia  W\~ 
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II.  Straps  and  tie-bozB,  iixdnding  iron  fstixmpa  sad 
jodds,  being  fasteuiugB  which  are  exposed  ptincipaUy  to  ' 
"^JII.  Socketfi. 

In  designing  and  executing  all  kinds  df  joints  and 
the.  following  general  principles  are  to  be  adhered  to  ai 
may  bo  practicable : — 

I.  To  cut  the  joints  and  arrange  the  fastenings  ao  M  to  < 
the  pieces  of  timber  that  they  connect  as  Little  aa  poeBn)le. 

II.  To  place  each  abutting  sur&ce  in  a  joint  as  neorlTM] 
perp<?ndicular  to  the  pi-essure  which  it  has  to  transnut. 

III.  T<i  proiMjrtion  the  area  of  each  such  sjirfaoe  to  the  ] 
which  it  ha«  to  liear,  so  that  tlie  timber  may  be  safe 
tinder  tlie  heaviest  load  -which  occurs  in  practice ;  and  t« ) 
fit  every  imr  of  such  suiikcea  accurately,  in  order  to 
stress  unifomily. 

IV.  To  projiortion  the  fastenings,  so  that  they  may  b« 
strength  with  the  pieces  which  they  connect. 

V.  To  place  the  fastenings  in  each  piece  of  timber  w> 

ahaU  be  snfBcieut  rcsi.stauce  to  the  giving  w-ay  of  the  jtu 

fiistenings  shearing  or  cru."<hing  their  way  thr«ingh  the  titnl) 

314.   LeacibrMlBc  Tie*  is  performed  by  JUhiiuf  or  hy 
In  a  fished  joint  the  two  pieces  of  the  tie  abut  cud  to  eod*  i 
lected  together  by  means  of  *'  fish-pieces"  of  wood 
[ch  are  bolted  to  them;  iii  a  Bcarfed  joint  the  euiU  of ' 
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Fig.  189.  Fig.  190. 

pieces  of  the  tie  overlap  each  other.     Fig.   187  i«  a 
figs.  188,  189,  and  lUO  ore  calli-d  scarfs;  thimgh 
190  the  ties  are  in  fuct  fi.'^hed  with  iron  as  well  as 

In  a  plain  fished  joint  the  fish-pieces  have  plane 
the  tie,  so  that  the  connection  between  them  and 
transmission  of  tension  depends  wholly  on  the 
holts,  together  with  the  fiiction  which  they  may  cm 
tlie  fish-pieces  against  the  sides  of  the  tie.  The  tie  ii 
8*>  far  as  its  effective  sectional  area  is  dimitii.slifd  by 
Z2m  joint  seciiontd  »«»  ot  tW  ft¥.\i-Y\<!i!««  ahouki  Ik«  oqi 
tieii   The  joint  secAionaV  tlt^w.  «/l  'Oiv«i\)»A\«,  ^»WyQ^A\«^^ 
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of  that  of  the  timber  left  after  cutting  the  LM>lt-boIe6 ;  and  the 
should  be  squai-e  rather  than  i^jund.     The  bolt-holes  should 
distributed,  and  placed  at  such  distaucca  fixjui  the  ends  of  the 
portd  of  the  tie,  that  the  joint  area  of  both  sides  of  the  layer  of 
which  must  be  sheared  out  of  one  piec«  of  the  tie  before  the 
can  be  torn  out  of  itg  end,  aluill  be  as  much  greater  than  the 
'\e  area  of  the  tie  as  tlie  tenacity  of  the  wood  is  gi-eater  than 
■pesistauce  to  sheariug ;  as  to  wliich  proportion,  see  Article  312, 
400.     The  same  rale  regulates  the  places  of  the  bolt-holes  in  the 
ish-piecea. 

'The  lish-pieces  and  the  parts  of  the  tie  may  also  be  connected  by 
indciili,  as  at  the  upix>r  side  of  fig.  1 87,  or  by  joggles  or  keys,  as  at 
the  lower  «dde  of  the  same  figura  In  either  ca«e  the  effective  area 
of  the  tie  is  r^ducctl  by  the  cutting  of  the  indents  or  of  the  key- 
aeats,  at  A  and  B.  The  area  of  abutting  surface  of  the  indents,  or 
of  the  key-seats,  should  be  sufficient  to  resist  aafely  the  greatest 
force  to  lie  exerted  along  the  tie;  and  their  distances  from  the  ends 
of  the  Usli-pieces  and  of  the  parts  of  the  tie  should  be  sufficient  to 
resiat  safely  the  tendency  of  the  same  force  to  shear  off  two  layers 
of  fibres. 

A  timber  tie  may  be  fished  with  plates  of  iron,  due  regard  being 
paid  to  the  greater  tenacity  of  the  iron  in  fixing  the  proportions 
of  the  ])art«,  and  the  ii'ou  tish-plutes  may  be  indented  into  the 
wood.  Fig.  IbS  represents  a  joint  in  which  the  jiarts  of  the 
timber  tie  are  scarfed  together,  and  at  the  same  time  fished  with 
iron  plates,  which  are  indented  into  the  wood  at  the  ends. 

Fig.  189  repre-sents  a  scarfed  joint  for  a  tie,  which  will  hold 
without  the  aid  of  bolts  or  Hti-ap&  At  C  is  a  key  or  joggle 
of  some  bard  kind  of  wood,  which  is  wedged  in  so  as  to  tighten  the 
Joint  moderately.  The  depth  of  the  key  is  one-third  of  the  depth 
of  the  beam.  It  is  evident  that  this  joint,  as  shown  in  the  figure, 
has  only  one-third  of  the  strength  of  the  solid  timber  tie ;  but  its 
jtreugth  may  Ix;  considerably  increased  by  bolting  on  iron  fish- 
H^tes  at  A  and  B. 

Pig.  190  shows  a  scarfed  joint  with  several  keys,  which  should 
all  l>o  driven  equally  tight.  It  is  also  fished  with  iron  plates, 
indented  into  the  wood  at  the  ends. 

The  following  practical  rules  are  given  by  Tredgold  for  the  pro- 
portion which  the  lenfjth  of  a  scarf  (l^etween  A  and  B  in  eac^  of 
the  figures)  should  beai-  to  the  depth  of  the  tie : — 

Withont  With  With  Bolu 

Bolts.  Bolts,  nod  Indaotfr 

Leaf- wood  (as  Oak,  Ash,  or  "EXm) f>  3            3 

Fine-wood, «.«.... 12  6            \ 


— r^T**",'^'"^ 'neither 

c^f  the  ,o„.t.s.r,o„,.l  bote 
ties,  With  (Ji(>  f,>ii      - 

I    At  M  ''''"«'!" 

-i-   At  tJio  ccmijuessed  * 

i'^.s  ,in<i  J  no  fL,.  , ,        *•• 
iiicl  the  morii^  1  ^     ^^'^J*'^ 
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jiiiros  length;  to  Leur  its  share  of  the  loud,  it  rei|iiires  deptJii- 
»t  a  tenon  at  once  long  uml  (Icep  would  too  inucli  weaken  tlid 

beam.  To  avoid  tliis  difficulty  the  thuvldertd  tenon  is  iisedJ 
sliown  in  fig.   191,     A  is  a  cross-section  of  n 

beam ;  B  is  one  end  of  a  cross-l>eatn.     C  ih     ■ 1  | 


J 


Fiir.  I'Jl, 


Hi  shoulder,  which  bears  the  load  of  that  end  of 

»c  crt.»8S-beani,  and  penetrates  into  the  aide  of  the 

lin  beam  for  a  distance  of  one-sixth  of  the  depth 

the  cross-beam  or  thereabouts;  the  dej^h  of  tlio 

ioulder  bflow  the  upp.>r  side  of  the  cross-beam 

about  twij-thirds  or  three-fourths  of  the  total  depth  of  iha,t\ 

D  is  the  tenon  ])r(»i)er,  whose  depth  is  only  one-sixth  of] 

fit  of  the  cross-beuiu,  whilo  its  length  is  about  double  of  its  own.J 

ti.    Its  use  is  to  give  the  joint  sufficient  hold,  so  that  theiw 

lio  no  risk  of  the  shoulder  being  dislodged  from  its  place  ia 

tJic  mortise. 

Mortises  cut  by  hand  are  always  I'ectangular.     Th<isc   cut  by 
ehiutry  are  nmdc  by  a  boring   tool,  so  that   although   their 
gest  sides  are  jilaue,  their  ends  are  seniicyiindrieal;  and  tenons 
to  tit  them  must  be  cut  of  tlio  same  shape. 

319,  p«Bt  «Nd  Bcnm  joiais. — To  support  the  end  of  a  honzontal 
beam  at  one  side  of  a  ]x>st,  a  shouldered  inortise-and-teuon  joint  is 
to  be  used.  The  shoulder  should  be  like  that  on  the  end  of  the 
crvisB-beam  in  tig.  191 ;  but  the  long  tenon  shoidd  be  mi  edijo,  or 
hare  its  uan'owest  dimension  horizontal,  in  order  that  the  moi'tiso 
for  it  miiy  weaken  the  post  as  little  as  possible. 

When  the  beam  is  to  rest  on  the  top  of  the  post,  the  joint  may 

be  secured  simply  by  means  of  a  small  tenou  in  the  ceutro  of  the 

ip  of  the  post  fitting  into  a  mortise  in  the  under  side  of  the 

,m;  but  there  are  other  methods,  two  of  which  are  shown  in 

Vj2.     B  B  is  the  beam.     A  is  n  post,  the  top  of  which  ia  fitted 

tn  a  shallow  rectangular  notch  in ,_. 

nder  side  of  the  beam.     Tliat      ^ 
'•'.    doe?   not  extend  completely 
ti  la,  but  is  di\4ded  into 

t         ;  a  tn'of^e,  of  about  one-  Fig.  102 

Ultii  of  the  breadth  of  the  beam,  wliich  is  loft  uncut  in  the  middle 
of  the  notch.  To  i^eceive  the  bridle,  a  gi-oove  of  the  same  breadth 
is  cut  in  the  middle  of  the  top  of  the  post,  as  indicated  by  the 
<lotted  line  C  D.  The  jMist  E  is  also  fitted  into  a  notch-and-bridle 
joint  F  G,  the  only  diflereuco  being  that  the  figure  of  the  notch  in 
■the  under  side  of  the  beam  ia  an  obtuse  angled  tnnngle  instead  of  a 
'%-ectaDgIe.  This  lost  form  is  recommended  by  TiTdgold.  He  also 
^■ecommends  a  joint  of  the  same  clas,s,  in  whicli  the  notcli  in 
Xuider  side  of  tl/e  hcaiu  has  the  figure  of  a  circular  aic  •,  XiuV  ^vo'' 


r      be  ( 
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thai 
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mortise  ni  the  tie,  or  u  I 
sliouIdiT  of  the  strut.  t< 
oxempliiica  in  ti-s.  uVj 
tie-lK,uuiualAt;i..fu.,io 
the  roiter,  littiiig  intu  a  , 
nurikce,  which,  in  %  193 
the  rafter,  and  bisects  tl 
the  tie-beam  and  ral'ter- 


fig- 193. 


the  length  of  the  nifter  an 
In  fig  193  the  SS^  S 
^hose  breadth  is  one-fifth 
;'°**«*^JtfeCP  shows  tl^ 
the  miMe  of  the  breadth  < 

the  hndle  IB  one-fifth  of  th, 

lengttiofthefibn^Ieftbetv 
tie-beam  is  sufficient  to  i-e 

tudinal  component  of  the  > 
ou,  that  IS  to  say.  let  H  h 
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!nie8e!  joints  may  be  made  more  seciure  by  biuding  the  rafter  and 
togethei  with  a  bolt  or  a  strap,  in  a  dii-ection  making  as  acute 
I  angle  with  the  tie  aa  is  practicable.  The  chief  object  of  thia  ia 
llhold  the  rafter  in  its  place  in  caue  the  end  of  the  tie  should  give 
w^    (See  fig.  197,  p.  1(52.) 

921,  a— r*»dl«ig  Piecp*  in  frames  of  carpentry  are  called  by  the 
ry  inappropriate  names  of  kiiiy-posts  and  qrteai- floats,  a  king-post 
ing  a  single  suspending  piece  in  the  centre  of  a  frame,  and  qiieen- 
Bta,  suspending  pieces  in  other  positions.  A  suspending  piece 
ngs  from  the  \K>mt  of  junction  of  two  struts  or  rafters,  and  su[>' 
rts  at  its  lower  end  either  a  beam  or  the  ends  of  one  or  more 

-A.  strut  or  rafter  may  be  connected  with  a  suspending  piece  by 
itting  against  a  notch  cut  in  its  side,  or  against  a  shoulder 

rmed  by  an  enlargement  at  the  end  of  the  suspending  piece ;  and 
cither  case  the  distance  of  tlie  notch  or  shoulder  from  the  end 

the  piece  is  to  be  determinetl  by  the  fornnilse  of  tlio  jireceding 

iicle.     When  a  single  8U8|>ending  piece  supports  a  beam  at  its 

Wer  end   they  are  connected   by 

Bans  of  an  iron  stirru]!. 

A  better  method  is  to  make  sus- 
ding  pieces  in  pail's,  so  that  the 

Eters  from  which  they  bang  may 

(ut  between  them  directly  against 

pli  other,  as  shown  by  the  crtjs-s- 

Pn  fig.  \Q5,  and  the  side  view 
06.  C  and  F  are  the  ends 
a  pair  of  rafters  abutting  against 
ph  other ;  A  and  B  the  upper  ends 
a  pair  of  Buspending  pieces,  notclied  uiJOii  the  raftent,  and  bnltetl 
each  other  through  the  blocks  or  filliug-pieoea  D  and  E.  If 
figures  be  turned  upside  down  they  will  represent  the  lower 
ids  of  a  pair  of  suspending-pieces,  forming  a  wooden  stirrup  for 
e  stipport  of  a  beam,  or  of  the  ends  of  a  pair  of  struts,  aa  the  case 

322.  Pfa»— TreewiM*. — Wooden  pins,  as  fastenings  for  joints, 
Jen  of  large  diameter,  are  known  as  treenails.  Experiments 
\ve  been  made  on  their  resistance  to  a  cross  strain  by  Mr.  Pars»5nH, 
details  of  which,  see  Muiray  Oji  Ship-building;  the  re.sults 
summed  up  with  suiBcient  exactness  for  practical  purpoaea 

.   3g — 

That  the  ultimate  resistance  of  Englisli  oak.  tceeoai\a  ^ 


Id 
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Fig.  196. 
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Bla'uring  sti-ess  ucfoss  tho  grain  is  about  4,UU0  lbs.  perl^vi| 
of  section.  ] 

11,  That  in  onler  to  realize  that  strpii^h,  the  planks  oobm 
by  the  tix>enails  Rhoukl  have  u  thickD<.<ss  equal  to  ubuut  three  tg 
tho  diatuttLr  i>f  the  ti-eiiiaUs. 

32.'{.  Nnil*  and  wpikc*. — Where  nails  are  exposod  to  m  « 
sidi-mlile  strain  those  made  by  hand  should  be  used,  *»tk$ji 
strongiT  than  those  luatlo  by  niachiuery.  I 

The  woight  in  lbs.  of  a  thousand  of  the  **  flooring  Inl 
commonly  iised  in  carpeiitrj'  may  be  roughly  computed  by  tlia 
licu-ti  Utc  square  0/  thtir  Icii'jlh  in  incJiea. 

The  DaiU  or  epikos  ubied  for  fafttening  planks  to  hitul 
usually  of  a  length  c(|ual  to  from  twioo  to  twice  and  k-batf  ^ 
titirknesd  of  the  (ilank^i. 

The  following  are  the  resulte,  as  Htnted  by  Tredgold,  of  expe 
incuts  by  Bevan  on  tho  force  j-cquired  to  dLniw  nails  of  diflen 
sizi'H  out  of  Dry  Chrisliania  Deal,  into  which  tlicy  had  been  dni 
to  different  depths  across  the  grain: — 

Tenrpa 

...    ,    ev  -I  Lrngth.  Ko.  to        Indies      .    . 

Kind  ol  Niil*.  ,    P  .1.    II  ij  todr; 

Inches.         the  LU.       tlrlno, 

Sprigs, o'44  4,560  0-4 

,.      0'53  3.300  0-44 

Threepenny  bi-a<l  8,  i"25  618  o"50 

Ca.st  iron  nails,  ...  I'oo  380  0*50           7I 

Fivepeuny     nails,  a"oo  139  i'50         35 

Sixpenny  nails, ...  2-50  73  foo         i9\ 

ft  —     2-50  73         1*50         3'} 

„  ...     3*50  73         2-00         530 

far  as  these  residts  can  be  expressed  by  a  general  law,  t 
Beetn  to  indicate  that  the  force  required  to  draw  a  noil,  dri 
across  the  grain  of  a  gi\eu  sort  of  wood,  varies  nearly  as  the  cul 
tlie  sq^utre  root  of  the  ilepth  to  which  it  is  driven;  and  tlui 
increiLsea  with  tlio  diunieter  of  the  nail,  but  iu  a  tnannor  wl 
has  not  yet  bteu  expifssed  ly  a  niatheniatiiuil  law. 

The  following  are  the  results  of  Bevan's  exi>eriments  on  the  (i 
rcqiiiiTd  to  draw  a  "  sixpenny  nail"  of  73  to  the  lb.,  wl; 
been  driven  one  inch  into  different  sorts  of  timber:— 

Deal,  across  the  grain, 1S7  lbs.  {ta  abon 

^'•it,  „  507    „ 

Elm,  „  327    , 

Beech,  „  667    „ 

Green  Sycamore,     „     31a    „ 

I)eal,  endwise, 87     „ 

Elin,         „        -iv;    » 
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D  following  were  the  forces  reqniterl  to  draw  asunder  a  pair  of 
B  joined  by  ttoo  nails  of  73  to  tlie  ll>. : — 

.  Deal  J  inch  thick» 7121b. 

^^       Oak  1  inch  thick,  looy  „ 

^P       Ash  1  inch  thick,  1420  „ 

L  ScMwiu — The  holding  power  of  screw-nails,  or  "  wnod- 
»,"  is  probably  jnftpoilioiial  nearly  to  the  product  of  the 
Bter  of  the  screw,  and  of  the  depth  to  which  it  is  screwed  into 
rood.  The  following  ai"e  the  results  of  Bevan'a  experiments, 
k1  by  Tredgold,  on  the  force  required  to  draw  screws  out  of 
'A  oi  half-an-iiich  thick,  the  screws  l>eing  0-22  inch  in  diiiineter 
^U,  Rnd  0-035  inch  in  depth  of  thread,  with  12  thi-eads  to  the 

^M      Beech,.... 460  to  990  lbs. 

^M      A.sli 790  lbs. 

^1      Oak, 760    „ 

■      Mahogany, 770    „ 

H      Elm, 665    „ 

^M       Sycamoi-e, 830    „ 

^k*li< — Waahrra. — The  rules  for  proportioning  bolts  which 
to  witlistand  a  shearing  stress  in  carpentiy  have  already 
stated  in  Article  314,  p.  455. 

le  sides  of  a  piece  of  timber  should  always  be  protected  against 
rushing  action  of  the  head  and  nut  of  a  bolt  by  means  of  flat 
;  called  '*  loashera;"  the  ai-ea  of  each  washer  being  at  Ica-st  as 
r  times  greater  than  the  sectional  area  of  the  bolt  ob  the  tenacity 
e  bolt  is  greater  than  the  resi.stjince  of  the  timlicr  to  crushing; 
ia  to  aay,  for  fir  the  (liumeter  of  the  washer  may  be  madealx>ut 
inies  the  diameter  of  the  bolt,  and  for  oak  about  2^  times. 
Tien  a  btdt  is  oblique  to  the  direction  of  the  beam  that  it 
prscs,  the  timber  may  either  have  a  notch  cut  in  it  with  a 
)oe  perpendicular  to  the  bolt,  to  bear  the  pressure  of  the 
ler,  or  it  may  be  notched  to  receive  a  Ijevelletl  washer  of  cast 
,  one  of  whose  surfaces  fits  the  notch  in  the  wpod,  while 
her  being  perjieudicular  to  the  axis  of  the  bolt,  bears  the 
lure  of  the  nut  or  head,  a.s  the  case  may  be. 
he  screws  of  bolte  are  usually  made  of  the  following  proportions, 
early  so :  the  depth  of  the  thi-ead  one-tenth,  and  the  pitch 
6ftii  of  the  internal  diameter.  A  bolt  which  has  to  be  often 
>ved  may  be  made  fast  by  having  a  slot  or  obloug  hole  in  one  of 
nds,  through  which  a  key  or  wedge  i.s  driven. 
16.  Iron  Htrnp*  are  used  nearly  in  the  .same  manner  with  bolt«, 
ind  pieces  of  timber  together.  They  have  the  advantage  of  uo^i 
^iiixtg  ao  much  of  the  timber  to  be  cut  away  a&  ^o\\&  Oick. 
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According  to  the  usual  proportion:)  •>(  Mtnijis*  tho  ♦'rea^ltlj 
from  four  times  to  •  '  "  <<  ■»  tho  thiokuf^^.^.      W'hi-n  Atct 

©yes  in  its  ends,  for  i  rn  to  tlic  >-iili':';  of  a  l>rjim 

4i)  ^x)  oithor  broadened  or  thickened  nmrul  mrl 
bttOtioDal  art-a  of  the  iron  rauy  bo  at  lr.it  .f.  f^. 
the  eyo  na  in  other  part^  of  the  htnkp.  Wli.  a  ,i  -; 
embniiM  completely  a  pieco  or  pieces  of  timWr,  ir  umt, 
pntctiruUo,  be  welded  itttu  a  rrctangnlnr  itoop,  and  drii 
Irom  utie  end  uf  tlic  timber;  but  whm  tliat  is  immaotia 
iaoonvfiiient,  it  must  In*  mado  with  flci«irian  ha  tarn,  of  (b 
Motioual  aiTa  with  its  tint  part,  upob  which  ticrvm  *  enm^ 
to  bo  mndo  fust  with  nut& 

SS7.  A  tHirwm^  is  a  ftnp 
8iippart«  n  (M^am,  or  savtiii 
thnist  of  oae  eo'l  <  ♦"  «  •tno 
the  tie  or  tuspi-i 
wood,  the  ends  «>;  ^,„  .iji 
bolted  tJiix)Ugh  it ;  if  of  ir 
stirrup  nud  tie,  or  sunpcndii 
*^'      •  are  usimlly  wcKlod  into  ono] 

328.  irvB  Tii»B«d«  may  be  used  iDst<cft<l  of  timb«i 
p(>Iiding  picee«  in  all  these  parts  of  a  fnimc  of  carp< 
tension  alone  is  to  be  borne,  and  is  not  combined  with 
action,  nor  ftlt^Tii.itcd  with  thrust.     They  may  bo  c 
tho  timlwr  pieces  of  the  fmnie  by  mcuua  of  screws 
and  Ijolts,  .slots  and  wedges,  .stimips  or  w-vkets;  ai 
be  capable  of  being  tightened  when  requiii<d,  by  meutv 
or  of  wedges.     Oaro  must  be  tidcen  timt  tlie  pointa  of 
of  the  enda  of  a  long  iron  tie-i-od  iir«^  free  to  cluingc  th 
from  each  other  to  an  extent  8ulBcieut  to  allow  of  thu 
len^h  of  the  rod  which  aro  produced  by  cliaugcs 
at  tli«  rato  of  about 

•0012  of  the  length  of  the  rod,  for  180"  of  change  of 
on  Fahrenheit's  scale. 

329.  Ir«a  8«ckeu,  made  to  fit  the  ends   of  pieces 
fumiah  a  convenient  means  of  making  various  joints  in  Ci 
espooially  at  points  where  Btruts  meet  each  other,  or 
connected  with   tie-nxla.     If  thrust  alone  ia  to  bo 
socket,  cast  iron  is  the  most  convenient  material ;  if  an) 
ablr  tension  is  to  be  borne,  strong  wrought  iron  platcfl 

330.  Pi»Mw.U««    cf   Irmi    Paatvatasa. — The    iron 
timber,  especially  if  in  contact  with  oak,  rust  vety  tnpl 
properly   protected.     Amongst  tho  most  elfici^t 
teotion  are  the  following : — 


PROTECTION   OP  IROS — BUILT  BEAMS. 


,  Boiling  in  coal-tar,  especially  if  t\\n  pieces  of  iron  hare  first 
heated  to  the  temperature  of  mcltiog  lead. 
Heating  the  pieces  of  iron  to  the  tcm|iorature  of  melting 
I,  and  smearing  their  surfaces,  while  hot,  with  cold  linseed  oil, 
ich  dries  and  forms  a  sort  of  varnish.     Tliis  i.s  recommended  by 

ion. 

U.  Pointing  with  oil-paint,  'w^hich  mxist  bo  renewed  from  timo 
limft.     The  linseed  oil  process  is  a  good  preparation  for  ^miut- 

y.  Coating  with  zinc,  commonly  called  galvanizing.  This  is 
Dient,  provided  it  is  not  exjjosed  to  acids  callable  of  dissolving 

line;  but  it  is  destroyed  by  sulphuric  acid  in  the  atraos- 
of  places  where  much  coal  ia  burned,  and  by  mui-iatic  ax^id  ia 

neighbourhood  of  the  sea. 

Section  JII.—0/ Timber  Built  Beams  and  Rlba, 

81.   Jonled    SBii     iDaenled    Ballt    Beawa. In    fig.     108    two 

M  of  timber  are  built  into  one  beam  of  double  the  depth  of 
ler,  by  the  aid  of  hardwood  keys 
joggl^,  which  resist  the  .shearing 
nss  at  the  surface  of  junction,  and 
cal  bolts  in  the  spaces  between 
It  is  obvious  that  no  key  nor 
ould  be  put  at  the  middle  of  the  span ;  because  in  general  thoro 
o  shearing  stress  there;  and  alsso  h>ccau8e  the  bending  moment 
I  il  a  maximum  there,  and  it  is  desirable  to  weaken  the 
u  as  little  lis  possible.  The  grain  of  the  keys  should  run 
ricaiiy.  According  to  Tredgold,  the  joint  depth  of  all  the  keys 
luld  amount  to  ohm  and  a-tJtird  the  total  depth  of  the  beam, 
d  the  breadth  of  each  key  .should  be  twice  its  depth- 
Considering  that  the  stres-s  at  the  neutral  siirfiice  is  equivalent 
thrust  in  a  direction  sslojiing    ^    ^    ^     >^ ^    ^    ^    ^ 


E 


Mi 9i >^     fft      ift — &. 


Fig.  198. 


^  .t^  >.  iO- 


-»/■  ^y 


193. 


45',  combined  with  tension 

k^ixection  sloping  at  4a''the 

Hnte  way  (see  Article  163,  ^"'t'- 

250),  it  would  seem  that  the  best  position  for  the  kcj-s  would  bo 
kt  shown  in  tig.  UJO,  their  fibres  being  made  to  slope  in  the 
pection  of  the  thrust,  and  the  bolts  being  made  to  slope  in  the 
lection  of  the  tension.  This,  however,  so  far  as  I  know,  has 
irer  yet  been  tried. 

In  tijj.  200  the  two  pieces  of  which  the  beam  is  built  ai-e  in- 
Dted  into  each  other,  a  sacrifice  of  depth  being  thus  incurred 
to  the  depth  of  an  indent.  The  alnitting  surfaces  of  the 
face  outwards  in  the  upper  piece,  and  m^axii&  m 


M 


Hzojuiec: 

When  a  boam  is  l.uilt 
dopth,  lliey  fthoul.i  l.iri\ik 
eliotiia  U'  soaifcd  or  fi>.he(J 
tipper  Inyor  Bhonld  have 
built  beam  is  soinotimea  n 
fir,  it)  or.li'r  to  fcxke  ndvt 
cni.shiiii,'  autl  the  tonncity 

331.  Rrni  Rib*  aro  BOI 
pieces  of  timber,  cnlled  "  k 

Naturiilly  stniigfht  piocei 
fitearaiiij?  tliem  until  the  ^ 
ditiim  iH'iiding  them  by  coi 
bent  until  they  dry  ami  ati 
ill.iuril^^^  the  tonaoiVy  of  tli 
uiilciw  thoy  nro  prevented 

ti-ivnnco  (s««e  fig.  201): A 

ends  abut  against,  tho  beti 


Fig.  201. 

none  of  tlicm  have  their  t 
experiment  thiit  l..nt  ribs 
Jttatural  knees. 


TIHBER   EIBS — TIUBER  FRAMIS — fLATFORMg, 
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\h    otliiT   (as   the  ]>ku   sliows),  and 
nectctl  tttgether  by  squai-e  bolts  or 
idges. 

In  fig.  202  the  edges  of  the  planks 
I     supposed     either    to     linvo    Iipto 
ginaliy  curved,   or    have    had    the 
men*  smoothed  off:  in  fig.  2U4  it  is  shown  Low  tliey  may  be 
ill  with  straight  edges. 

A  built  rib  ot"  this  sort,  properly  constructed,  ia  nearly  as  strong 
a  stolid  rib  of  the  same  depth,  and  of  a  breadth  less  by  the  thick- 
n  of  one  layer. 

334.  Lamiiuited  Rib*  arc  Composed,  as  in  fig.  205,  of  layers  of 
aok  laid  flaticitte,  breaking  joint 
d  bolted  together.  They  are 
sily  made,  and  veiy  often  iised 
bridges  and  i"oofs ;  but  the  ex- 
riments  of  Ardant  have  shown 

.they  aw  weaker  than  solid 

of  the  same  dituensious,  nearly  in  the  ratio  of  unity  to  the 

iber  of  layers  into  which  they  are  divided. 


Sbctiok  IV. — 0/ Timber  Frames  and  Tnissa. 

35.  Oeaml  Rrmnrka  •n  ibe  Bnlnncr,  llllabilltr>  «Bd  6ti-«*||;lb  of 
rraming. — The  general  principles  of  the  balance  and  slability 
es  nnd  ribs  of  any  material,  already  given  in  Part  II.,  Chapter 
Section  IV..  pp.  \1^  to  203^  and  tho  general  principles  of  the 
•tmgth  of  materials,  given  in  the  same  chapter,  Section  V.,  pp. 
1  i*)  314,  serve  to  solve  all  jn-oblenia  relating  to  tho  balance, 
.bility,  and  strength  of  structures  in  carpentry.  In  the  present 
Stion  it  will  only  be  necessary  to  add  some  explanations  of 
tiers  of  detail  in  those  particular  cases  which  occur  most 
hquently  in  practice.  In  fi.ving  the  transverae  dimensions,  or 
ajitlings^*  of  the  main  pieces  of  timber  which  compose  a 
ructui-e  hi  cAr|x>ntiy,  made  of  good  ]tine,  lir,  or  oak,  it  is  usual  to 
it  the  greatest  intensity  of  tlie  stress,  whether  compressive  or 
Bsile,  to  1,000  Iha.  per  square  inch  of  aection;  and  when  this  is 
pared  with  the  tenacity,  resistance  to  crushing,  and  modulus  of 
>tnre,  of  those  kinds  of  timber,  it  appears  that  tho  factor  of 
ifi/  ranges  from  G  to  14.  or  thereiibouts,  and  b  on  an  average  10, 
Las  been  stated  in  Article  143,  p.  222. 

33G.  PUirorwa  of  timber  consist  of  planks  resting  on  beams. 

9  beams  upon  which  the  planks  rest  may  either  be  the  main 

.ms  or  fjiri/era  of  the  structure,  or  they  may  be  cross-bea.TO8  qt 

fU,  svpported  by  those  girders.      (Articles  317,  S\&,  ■^ip.  A;5^» 

2  u 


it  wmtid  be  foreign  to  tn«~pii 

various  modes  of  constructing 
platforms  with  which  the  civil 
thoiw  of  bridges  aud  of  foiiudati* 
further  on. 

Tlie  iLsual  thickness  of  the  pi 
with  joints  ia  from  3  to  4  inched, 
of  from  2  feet  to  4  feet  from  cen 
been  found  by  experience  to  bo 
ahocks,  frictioa,  and  wear,  to  wl 
is  in  general  much  greater  tha 
support  the  greiittjst  load  with  » 

In  bridges  supporting  railwaj 
are  usually  so  aixanged  as  to  be 

The  breadth  of  the  joists  is 
their  distance  apart;  and  thnit 
with  reference  to  the  greatest  1 
which  they  span  over  between  tl 
platforma  not  caiTj'iug  railways, 
platform,  is  nearly  as  follows: — 

Weight  of  a  elnsely-packod  crow 
Add  for  the  planking  and  joists, 
Gross  load  for  a  single  wooden  f 
If  there  is  a  broken  atone  or  gtav 
Making  in  all ... 


TnCBER  JOISTS  FOR  PLATFO&M& 

:  in  Article  170,  p.  !27d,  and  then  compute  the  breadth  with 
r  to  stneugth, 
» following  formulsB  express  the  results  of  these  rules  al^br 

(E  I.  For  platforms  not  canying  railways,  let 

)  be  the  distance  from  centre  to  centre  of  the  joista 
^  the  bi-eadth  of  a  joLst. 
^  its  depth. 

,  tlie  span  fix>in  centre  to  centre  of  the  girders;  then  tho 
greatest  moment  of  flexure  is  to  be  as  foflowH : — 

1,000  6  /*2     150  B  r- 


8x144 


for  plank  roadways ; 


or  "q — i^j  for  broken  stone  roadways  j 
jnently, 

B  "^  1  280  h-  ^^^  ^^^^^  roadways; 
R  ~  7C^li  ^^^  l>roken  stone  roadways. 


•(!■) 


.(2.) 


KE  n.  For  a  platform  carrying  a  railway,  in  which  one  line  of 
ies  midway  between  a  pair  of  girders;  let 

17  be  the  load  on  a  pair  of  driving  wheels  of  the  heaviest 

enginCj  in  lb& 
r,  the  gauge  of  tho  rails,  yiw»  centre  to  centre  m  tnehee;  theii,j 

I  being  also  expressed  in  inches, 


lieref( 


;ore 


1,000  6  A«     W{l-k)  ,_- 

-  ^    _ ; ^J.) 


b= 


2,000  •        /*2 


.(4.) 


vnnpte. — Let  1=00  inches;  k  =  60  inches;  A  =  12  inches;  W  = 

d  lb. ;  then  b  =  9-375  inches. 

to  the  length  and  weight  of  the  spikes  to  be  used  for 

onks  to  the  joists,  see  Article  323,  p.  460. 

len  a  platform  has  both  girders  and  joists,  it  may  be  stiffened 

it  distortion  by  laying  the  planks  diagonally.    Wlicn  sepai^ate 

lal  braces  are  used  for  that  purpose,  their  dimen^ons  should 

lUated  by  the  horizontal  shearing  stress  which  the  mxxd.  tawj 


4C8  SIATEBIAU   AWD  STRrCTUU** 

pniduce  when  blowing  against  the  side  of  the  stmctt 
diluted  by  the  formula  for  F  in  Case  VI.  of  the  tttble,  p, 
gTO«te«t  intensity  of  the  pressure  of  the  wind  hitherto  obMinf 
JJritain  is  55  lbs.  on  the  sqnnre  foot ;  in  tropical  clim&toi  j 
lid  ROtiictiiues  to  reach  double  that  amount.  \ 

.^JjThen  there  is  no  special  reason  for  makiug  a  timber  plati 
'idMB'jointcd,    it   is   advisable    to   hiy   the   plunks    with 
twtween  them  of  from  \  inch  to  ij  inch  in  width,  in  or 
rain-water  eseajw  and  air  circulate. 

337.    Roofa— roreHac  snd  K.oniI. — Tho    Jtarts    of  a    PX)! 

distinguished  into  the  roverirKj  and  tho  frametBitrh.     Tho  ext*j( 
the  covering  of  a  roof  is  usually  expressed  in  aqtiarts  and  f^ 
wgtiare  of  roofing  bting  100  squm-o  feet.    The  following  tahlnj' 
the  stnicturc  and  wciglit  in  lbs.  per  square  foot  of  tho  most 
kiudu  of  covering  for  timber  roofs,  and  their  flattest  ordizuuji 

Matku.*,-  FUttctOnll-      Wei^t, 

nary  Slope.  Fo 

Sheet  copper,  about  -022  of  an  )  „ 

inch  thick, j  *  '^ 

Sheet  lead, 4'  J^ 

Shit>t  zinc 4"  1*25  to  I •5j 

Shoct  iron,  plain,  -^  inoli  thick,  ...         4°  3'g 

„  ct.rrugated, 4'  311 

Cast  iroD  plates,  g  inch  thick, 4°  igi 

Slates, 30"  to  2 2^     5*ootoil-j< 

Tiles, 30°  to  22I     6 '50  to  I    " 

IJni  in  ling,  jf  inch  thick,  22^°  j'^" 

(Weight  of  other  thicknesses  in 
projwrtion.) 

Thatch 45«»  6-j 

For   the  timbering  of  slated   and 

tiled  roofs,  add  ]>cr  square  foot,  from  5*50  to' 

For  the  j)ifssure  of  the  wind,  ac- 
conlirvg  to  Tixulgold,  there  ia  to 
be  taken  iuto  account  an  ad- 
ditional load  per  square  foot  of  40 

Sheet  copper  is  nailed  011  boarfls.     Sheet  lead,  zinc,  anS 
fllates,  and  tiles,  may  be  either  nailed  on  laths  or  battens  (w» 
are  eiender  pieces  of  timber  of  from  1  inch  by  1^  inch  to  Iji 

*  The  anf^Ies  wt  down  for  tha  slopes  of  roofs  in  this  table  are  all  allqaot  ptlttl 
drcumfi'ronce;  snch  angles  being  at  once  the  most  convenient  in  designia^;  ftwa 
and  tlie  mobt  {ilc&sini;  to  the  oyc.    (The  tatter  iocc  appear*  lo  han  b««i  flat  j 
out  by  Mr.  llay  In  U'la  Tfieort)  (f  Bcavt^.'^ 


TIMBER   nOOFS. 


469 


ilwa,  or  thereabouts,  nailed  across  the  i-aftcrs),  or  upon  board- 
from  ^  inch  to  ^  inch  thick.  Sheet  iron  may  be  nailed  or 
directly  to  the  rafters,  and  cast  iron  phites  screwed  or 
to  tlie  principal  rafters  to  be  afterwards  mentioned.  Ko<jf8 
which  the  framework  as  well  as  the  covering  is  of  iron  will  be 
ttfd  of  in  another  chapter. 
The  atecjxst  ordinary  declivity  in  Gothic  roofs  ia  CO";  but  by  the 
tropolitan  BuUding  Act,  1855,  the  dechvity  of  the  roofs  of 
tidings  used  for  purposes  of  trade  is  limited  to  47". 
838.  BaAen  and  Parlias  are  those  pai'ts  of  the  framtnvoi'k  of  a 
if  which  lie  immediately  below  the  c«>vering,  so  as  to  form  with 
i  moi-e  or  less  sloping  platform.  In  iig.  200,  A  A  is  one  of  the 
^mon  ra/f^s,  which  arc  placed  from  1  foot  to  2  feet  aixtrt  from. 
•tre  to  centre,  and  are  supported  by  the 
rlint,  to  which  they  are  sjnked  or 
ewed.  B  is  a  croaa-section  of  one  of 
purlins,  which  lie  from  G  feet  to  8  feet 
fcrt  from  centre,  and  are  slightly  notched 
■re  they  ci*oiis  the  principal  rafters. 
side  of  the  purlin  whieli  faces  down 
slope  i-s  supjKjrtcd  by  means  of  the 
►ck  C,  which  is  screwed  to  the  principal 
ter  D  D.  The  princt]ial  niftera  form  parts  of  a  series  of  frames  or 
(KMw,  which  are  placeil  at  from  5  to  10  feet  apart  In  order  to 
ivent  the  action  oi'  transvei-se  loads  on  the  principal  rafters,  they 
I  to  be  supported  below  each  point  where  the  pui-lins  cross  theoi 
struts,  such  ii8  that  of  which  the  upper  end  is  shown  at  K 
iHagonal  Braces,  to  stiflt-u  the  roof  and  stay  the  trusses  against 
Betting  sideways,  may  be  framed  either  between  the  raftera  or 
tweeii  the  purlins.  N()  precise  rule  can  be  given  fur  their 
'iDgj  but  they  will  in  general  be  strong  and  stiff  enough 
transverse  dimension  is  made  one-twentieth  p>art  of  the 
rted  length.  When  the  roof  is  boarded,  the  same  piu-pose 
answered  by  laying  the  boai-ds  diagonally. 
M««(^TniM«a  aie  fnuncs  of  the  kinds  already  discussed  in 
icle«  114  to  120,  pp.  176  to  184,  in  which  the  principles  that 
.late  the  thnists  anil  tensions  along  the  several  pieces  have  been 
ned.  In  the  pi-eseut  Article  it  is  only  necessaiy  to  state 
rticular  cases  of  such   frames  are  the  most  common  in 


Fig.  20C. 


Tbianoulaji  Truss. — Fig.    207   is  a  skeleton  figure  of  the 

tplest  form  of  truss,  which  is  on  isoceles  triangle,  B  B  being  the 

'Leojn,  and  A  and  C  equally  inclined  pnncipal  raftera     2  and  3 

the  points  of  support,  1  the  ridge,     D  ia  a  suspending-piece, 

Kcli,  whea  of  wood,  ia  called  the  king-post,  and  w\\eu  ot  \vov\,  \Xift 


' 
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kinff-boU;  it  impports  tlie  weight  of  the  middle  lialf  of  tbi 


and  of  any  floor  or  other  load  wiili  which  that   b-sc 

loaded. 

In  the  diagnim,  fig.  208,  the  vertical  litif  O  A 

load  on  the  point  1;  that  is,  half  tho  grot.--  -(tin 

and  0  A,  parallel  to  tho  two  j-afters,  rej' 

them ;  and  the  horizontal  line  O  B  represeuUs  th«  tt'uaioD 

tie-beam. 

The  algebraical  expression  of  this  is  as  1 

Let  "W  be  the  gross  weight  of  the  tru^         _      .t 

the  division  of  tho  roof,  of  wluch  it  occupies  the  middllk 

the  floor,  or  other  load  supported  hj  the  tie-beam. 

e,  the  half-span  of  the  truaa. 

k,  its  rise 

H,  tho  tension  along  the  tie-beam. 

T,  the  thrust  along  each  of  the  rafters ;  then 


=V(«-^- 


II.  Trapezoidal  Truss.— In  fig.  209,  B  B  B  i«  tit 
and  C  two  equally  inclined  piincipal  lufters,  F  ^  '  — 
or  strai}iing-i)iece.     D  and  E  are  suspending-] 'i 

the  weight  vi   luo  u'*' 
I        T  f  aim   tliat    of  tin?  floor, 

usually   rests  on  the 
between    tho    ]x>iBla  I 
together  with  its  losd^    . 
The  same  diagivn  ■ '. 
as  in  the  fons«r  cMi^  %\ 
applies  to  this  case;  it  being  understood  that  O  B  =  B  H 
the  loads  on  the  points  1  and  4  respectively;  tJiai  ii,  t» 
those  points,  one  quarter  of  the  weight  of  the  roof  and  lra» 
the  weight  of  the  floor  between  the  points  5  and  d.    1^ 
sontal  Line  O  B  represents  ut  once  the  tenaioo  aIoo^  Ubt 
and  the  thrust  along  tho  st? 

The  part  of  the  ivrof  ;ibi>\  .rig^pisov  F  BiJ 

JQat,  or  tn»y  \>e  su\%\K>iVftiii  Vrj  ^  nod^  ^srw&i^iikr 


lee  Article  121,  p.  184),  simiiar  to  fig.  207,  and  resting  ou  the 
K>uit«  1  and  4.  The  straming-piece  F  of  the  principal  truss  may 
made  to  act  oUo  as  the  tie-beam  of  the  secondary  tinisa ;  in  wliich 
the  throst  along  it  will  be  the  excess  of  Uie  IiorizonUU  stress  H 
tite  principal  truss  above  lliat  in  the  secondary  truss. 
m.  Sbcondahy  Trussing  under  Principal  Ratters. — The 
direct  support  of  the  points  where  the  purlins  cross  the  rafters, 
Jready  mentioned  in  Article  338,  p.  4G9,  Is  effected  by  means  of  a 
lystem  of  secondary  trussing,  of  which  tig.  210  may  be  taken  as  au 
pie.  That  figure  rejjresents  a  truss  in  which  the  main  tie  and 
iie  suspendiug-i>ii.-ces  are  all  iron  rode ;  but  it  is  applicable  also  to 
ihe  case  in  wluch  either  some  or  all  of  those  pieces  are  of  timber. 
.  M,,  159.) 

Ijet  W  be  the  weight  of  the  roof  distributed  over  the  points  3, 
tj  6,  1,  8,  10,  2,  Bo  tljat  one-tiodfUb  rests  directly  on  each  of  the 
lOjntB  of  support   2   and   3,  and  cmo-mxlh  on  each  of  the  live 
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Ftg.  210. 

Dtennediate  points ;  2  3  is  the  great  tie-rod ;  1  7,  6  5,  8  9,  sospend- 
Dg-rodij;  7  C,  7  «,  o  4,  9  10,  struts. 
(1.)  Primary  Truss  1  2  3. — The  load  at  1,  as  before,  is  to  be 
ken  as  =  ^  W,  and  the  stresses  found  by  equation  1  of  this 
article. 
(2.)  Seoondart/  Trusses  7  6  3,  7  8  2.— The  load  at  6  is  to  be  held 
consist  of  one-half  of  the  loud  between  6  and  1,  and  oue-half  of 
ihe  load  bet\veen  G  and  3 ;  that  is,  one-half  of  the  load  between  1 
d  3,  or  \  W.  The  trusses  are  triangular,  each  consisting  of  two 
rtrutti  and  a  tie,  and  the  eti'csses  are  to  be  found  as  in  Article  1 1  J, 
I.  177;  that  is  to  eay,  let  H'  denote  the  horizontal  stress  Lu  each 
if  these  secondary  trusses;  T*  the  thru.st  along  the  rafters  between 
'<  and  3,  and  between  ti  and  2,  due  to  their  places  iu  those  trusses; 
tad  S'  the  thrust  along  the  struts  67  and  87 ;  then 

The  suspenajon-rod  1  7  supports  two-thirds  of  the  load  on  7  6  3, 
Kid  two-thirda  of  the  load  on  7  8  3j  that  is,  §  '\*W  =  ^'^  •,  i 


HATCRIALS   AND   STlUJCmiCS. 


this,  togoUior  with  ^  W,  whicL  rests  dlrtctly  on  1,  makes  op  t 
loHti  of  }f  W,  already  mentioned. 

(3,)  StKoller  Secori'lari/  Trmsf*  3  4  5,  9  10  2, — Eocli  of  the  pota 
4  Olid  10  KiiHtniiis  a  load  of  ^  W,  from  wlitch  the  ati^e^sEca  on  d 
bars  of  those  smuller  triissca  can  be  dctcrniiiicd  as  follows:— 


n-  =  m-f=s"  =  V(«"'  +  m)- 


w 


■ 


Oue-hnlf  of  the  lond  on  4,  that  is,  -,V  W.  hangs  by  the  sttspn 
pion-ivid  G  5;  and  this,  together  vitli  ]l  W,  wliich  rests  dirwtir 
6,  makes  up  the  load  of  \  W  on  that  point,  formerly  mcutiuua 
Tb«i  same  remarks  apply  ti>  the  8UK]>cnsi<)n-ro<l  8  D, 

(4.)  IlesiUlant  iilrmiKji. — Tlie  pull  botwoi-n  o  and  9  ia  the  sum 
those  dut'  to  1h<J  primary  aind  laryer  swoudary  trus30« ;  that  hetwwi 
5  and  .'5,  and  bvtween  j)  and  2,  is  the  sum  of  the  pulls  duo  to  til 
])ninary,  larger  secondary,  and  smaller  secondary  trusses;  tlistl 
to  say, 

II  +  II'  =  „  ,  ;  H  +  H'  +  H'  ==  '-,7/  ; 


3ik 


Uk 


Tlie  thrust  on  1  C  ia  due  to  the  primary  triiss  alone  ;  tliat  f»n  »i4 
to  thu   primary  and  liu-gi^r  secondaiy   truss;  that  on   4  3  to  tit 
primary,   larger   Kccondaiy,    and   smaller   secondary    trusses; 
similarly  for  tho  divisions  of  the  other  rafter. 

(5.)  General  Case. — Suppose  that  instead  of  oiily  three  diriaou^ 
there  are  ?i  ilivisiDnsin  eaeh  of  the  niftei-s  i  3, 1  3,  of  tig.  78;  !«olli«l 
besides  (he  middle  mispensiou-rod  1  7,  there  are  Jt  —  2  k 
rods  under  eaeh  rafter,  or  2  »  —  4  in  all ;  and  n  — 
stmts  imder  each  rafter,  or  2  7i  —  il  in  all.  There  -will  tlia*  U 
2  u  —  1  centres  of  reBisUince ;  that  is,  the  ridge-joint  1  rind  n  —  i 
on  each  rafter ;  and  the  load  directly  eujtjiorted  ou  each  of  tiic* 

points  will  be  ^. 


I'n 


TV 


The  total  load  on  the  ridge-joint  1,  will  bo  as  bcfon^  -j.-;  i 

is  to  say,  ^  directly  supported,   and    .,-  (1  — -)  hung  by  W 

middle  suspeosinn-rod. 

The  total  load  ou  tho  upper  joint  of  any  secondary  truss,  ivM\ 

from  the  ridge-joint  by  m  divisions  of  the  rafter,  ■will  be. 


4n 

;  that  is  to  say, ,,    directly  supported,  and  — -j-_ W  ioi|| 

a  suspensioa-rod. 


4  n 


EOOF-TRUSSES. 


The  «trt-«M«  on  the  stmts  and  tie  of  each  tmss,  primary  Kai 
idarj',  being  deteniiiued  as  in  Article  1 15,  are  to  bi 
the  jirecediiig  examples. 
The  following  tbruiulie  give  the  horizontal  stress  H,,,  the  thru 
long  tlie  rafter  T„,  and  tlie  thrust  along  the  strut  S„  in  thM 
>ndary  truss  which  has  its  liigheat  point  at  m  divisions 
from  the  ridge-joiut : — 


Wc 


Hk  ^  -J ;  ;  (being  the  same  for  each  secondary  truss);. 

i   'li  Iv 


oftbd 

1 


m 


(also  the  same  fnr  each  secondary  tmss.)  j 

•= V  { "- + 1^-  ("  -  •">' } = il  \/  ^ + (» -  "'^O-  <'■> 

It  follows  that  the  total  tensions  on  the  several  divisions  of  th4 
■••ie-rod  and  thrusts  on  the  several  divl-tions  of  the  niftrrs,  com* 
xneucing  at  the  divisions  next  the  middle  suspiudjng-rod,  aie  od 

-Cello  ws  ( making  -j-j-  =  H,  ami  ^  \/  (  p-f  1  j  =  T,  as  in  tb 
Uiatious  I  J ; 


T-.T(l  +  l);T(l  +  ?)..ic.. 


T  •  ^^!j:J.  (o.)i 


In  timber  roofd,  instead  of  resisting  the  horizontal  thrust  of  sue 

truts  as  4  5  and  9  10  by  means  of  tie-rods,  it  is  usual  to  mal 

flirir  lower  ends  abut  against  a  horizout<d  istrut  or  straiuing-piec 

Ini.l  on  the  top  of  the  main  tie-beam,  and  extending  from  5  to  9j 

XiiK-  object  being  to  give  transverse  strength  to  the  tie-beam.     Ii 

tiint  case  the  tension  is  uniform  along  the  whole  length  of  the 

l>eam,  being  H  • - . 

IV.  GrOTHic  Eoof-Trusses  belong  to  the  class  of  "  Open  Polj 
far«^nal  Frames,"  alreatly  mentioned  in  Article  117,  p.  179;  and  the 
'  X 'Tt  oblique  thnist  against  the  walla  or  buttresses  which  suppoj 
*-iiiiu.  The  framing  is  so  designed  as  to  make  the  horizontal  cot 
l*onent  of  that  thru«t  us  small  aa  possible. 


iMi 


\ 
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^ 


C^ 


kBP 


Fig.  211. 


Fig.  211  may  be  taken  as  an  exiunple.      In  this  iv 
_  B*  C  are  homon  Ud  ties,  t 

over  one-quarter  of  the 
is  a  snspending-piece;  all^ 
pieces  are  struts.      The  strati 
and  A'  C  are  curved  for  the  i 
jireliitectural    effect;    tlieir   tl 
lines  of  resistance,  which  ape  p 
to  the  rafteirs,  are  marked  i^ 
The  curved  pieces  C  F,  CF,« 
stays,  to  proxnde   against  oMl 
regularities  of  the  load. 
The  lines  of  resistance  of  the  prhnnry  tnt^n  are  tJie  hutwal 
D  D',  and  the  dotted  lines  A  D,  A'  D'.     The  diagram  of  fil 
formed  thus:— In  fig.  212,  draw  O  H  hori?«ifl4 
vertical,  .and  O  G  ||  A  D.     Take  H  G  to  r  - 
of  the  weight  of  the  truss  with  its  load ;  i 
represent  the  horizontal  stress,  and  O  (t 
thrust  exerted  along  D  A  against  the  abuti 
The  dotted  line  DA  is  the  line  of  t 
Fig.  212.      frame  or  comjKJund  strut,  consdsting  of  tii 

AB,  AC,  BD,  and  CD.  and  the  tie  B  a     lb** 
on  these  pieces  are  repi-csented  as  follows : — 

the  tension  on  B  C,  by  O  H  (fig.  212.)  I 

the  thrusts  along  B  D  and  A  C,  by  O  K  ||  B  D  ||  A  C;  (Kl 

H  G); 
the  thrust  on  D  C  by  K  H  =  -f^ths  of  grosa  load; 
the  thrust  on  B  A  by  1|^  K  H  =  T^^tha  uf  gi-oss  loiuL 

D  E  D'  forms  a  secondary  truss,  loaded  at  E  with  < — '  ''^ 
the  gross  load ;  D  D'  is  the  tie  of  this  truss  as  well  u 
piece  of  the  primary  truss;  and  the  tension  arising  fi 
of  the  secondary  truss  is  to  be  subtracted  from  the  ' 
the  action  of  the  primary  truss,  to  find  the  resultant  uirj" 

D  D',  which  is  thus  found  to  be  represented  by 

thnist  along  E  D  is  represented  by  |  O  K. 

340.   Slreagth  cf  TloBeaMh  Slnit-B<mia>.  aad  Heal 
H  Ijc  the  greatest  direct  working  stress,  whether  tet>^: 
along  the  line  of  resistance  of  a  given  piece  whose  br 
depth  h;  M  the  greatest  working  bending  moment,  wL- 
from  a  transverse  load,  or  fi*om  the  neutral  Jixis  of  t' 
ninoiding  with  the  line  of  resistance  (In  wl 

greatest  distanoe  of  Uio  neutral  axis  frcmi 
'  the  greatest  sale  wov>!ia%Asv,\«vua!c^  ^  ftetaa; 


iOtt 


:m 
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^^     6M 

•^  -birn?' ^^'^ 

id  if  A  has  been  fixed  beforehand,  h  is  given  by  the  formula 


=(?+' 


^-r. 


(3.) 


As  already  stated,  J*  =  1,000  lb&  per  square  inch  in  ordinary 
tr>'. 

341.  BrMge-TrmMa. — A  bridge-trttss  is  usually  one  of  two  or 
parallel  frames  of  carpentry,  which  act  as  girders,  in  support- 

_  the  cross-beams  or  joists  of  the  platform  of  a  bridge.  (Article 
)S^,  p.  4G5.)  The  principal  8ti-uts  which  it  contains  may  spring 
ither  from  a  tie-beam,  like  the  rafter  of  a  roof,  from  iron  sockets 
tonnectod  by  means  of  a  tie-rod,  or  from  suitable  piei-s  and  abut- 
tients  of  timber  or  stone.  The  moat  usual  elementary  figures  of 
»ridge-trusse3  are,  like  those  of  roof-trusaes,  the  triangle  (tig.  207), 
zid  the  ti-ap€2oid  (fig.  209);  and  the  principles  of  their  stability 
Xid  equilibrium  are  the  same,  except  that  in  a  bridge-truss,  special 
irovision  must  be  made  for  the  unequal  distnbution  of  t^e  load, 
>Oth  transversely  and  longitudinally. 

I.  Load  Unequal  Tran^verttefi/. — This  case  occurs  chiefly  in 
bridges  for  double  lines  of  railway,  when  one  ti-ack  is  loaded  and 
lie  other  unloaded.  The  proportions  in  which  the  rolling  load  is 
ISstributed  over  the  girderd,  when  there  are  only  two  of  them,  is 
limply  the  invewe  ratio  of  the  horizontal  distances  of  its  centre  of 
jravity  from  the  two  girders  (Article  112,  p.  174);  but  there  are 
tften  more  than  two  girders,  most  frequently  four;  and  then,  in 
Krder  to  determine  the  proportions  in  which  the  load  ia  distributed 
iver  them,  the  assumption  is  made  that  the  cross-beams  remiiiu 

Dsibly  straight ;  so  that  the  difference  between  the  deflections  of 
tny  two  of  the  girders,  and  consequently  the  difference  between  the 
liares  of  the  load  borne  by  them,  is  proportional  aimply  to  the 
tistance  between  thom. 

To  illustrate  the  application  of  this,  let  the  girders,  and  the 
wiling  load  which  by  means  of  a  cross-beam  is  made  to  rest  on 
Jiem,  be  arranged  in  cross-section  as  follows : — 


W 
A        B 


O 


D 


r  denotes  the  position  of  the  centre  of  gravity  of  the  rolling  load 
the  centre  line  of  the  platform;  A,  B,  C,  D,  tke  foux  \sisd< 
Then, 


load,     1 
Acts..     I 


UIBUIUUIS  11-UlU  LUe  LTJlLie  XIUU  IB  FTnusu 

to  be  detwiniued  by  tho  condition  that 
to  O  is  equal  and  L>p]»osite  to  the  sum  ( 
anccs  of  the  beams  relatively  to  the  i 
expressed  in  symbola,  giv»:'a  W'  ?«  ^  2 

a  =  o  /  .  -,  '^: ;  and  tlie  shni-es  of  i 
3  (sf  +  ?!) 

girders  are  as  follows: — 


ou 


W  /I 

onB;  _  +  ac,=W'(j 

on  C;    ~j «Cj=WM- 

oaD;  —  _«;J=^V'(^- 
Wl^en  the  share  of  the  load  on  D,  aa 
negnlive,  it  shows  tliut  the  girder  furth 
jmUwl  upwarch  by  the  platform. 

Aa  a  numerical  example,  let  the  brid; 
narrow  gauge  railway,  and  let  the  four  | 
four  mils  resix-ctively ;  so  that  wo  uja 
curacy  for  the  present  puqjoso, 

^1  =  3  feet;  Cj  =  8  feet j 


EniDaE-Tnc8SE8. 
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These  results  have  been  verified  by  careful  experiments  on  a 
;reat  sciile. 

The  most  inipot-tant  of  them  pnictically  is  the  sliare  of  tlie  load 
to  A,  being  the  greatest  sliiiic.  In  oriler  to  Rvnnigp  the  pirdere 
D  tliat  this  share  shall  not  exceed  on6-)Mlf,  the  following  equation 
Jiould  be  fulfilled:— 

^•=220  20-4 (2.) 

For  example,  let  s^  =  6|  feet;  t,  =  10  feet;  then  z^  =.  ij  10 
:  3-1 G  ftft 

II.  LtKul  UneffUid  LomjifudlnaUr/. — Tills  sort  of  incKjualily  must 
i  provided  for  in  every  case  in  which  the  figure  of  the  truss  has 
,ore  sides  than  three. 

The  most  important  example  in  practice  is  that  of  the  trapezoidal 
niss,  whether  springing  from  a  tie-beam,  as  in  fig.  200,  p.  470,  or 
om  a  pair  of  abutments,  or  ft-oni  socket's  connected  by  means  of  » 
ie-rod. 

There  are  two  means  of  enabling  the  truss  to  resist  a  partial 
^d:  by  the  stiffness  of  a  longitudinal  beam,  and  by  diagonal 
racing. 

The  longitudinal  beam  is  either  the  tie-l»enn«,  or,  in  the  absence  of 
tie-beam,  a  \wmn  i-esting  on  the  top  of  the  truss,  and  bolted  to 
lie  straining-piece  F  in  the  ligure. 

Let  c  denote  tlie  luilf-sjvan  of  the  tniss ;  z,  the  distance  of  the 
oiuts  4  and  1  from  the  middle  of  the  truss. 

Let  n  partial  load  W'  bo  applied  at  «iiio  of  those  fKjints,  tlio 
ther  being  unloaded.  Then  the  longitudinal  be^im  has  to  rcsi.st  a 
ending  action,  which  is  greatest  at  the  loaded  jKiint  and  at  the 
mloaded  jKjint,  pix>rUKung  convexity  downwurda  at  tlie  loaded 
oint,  and  ujtwards  at  the  unloaded  jwint:  the  bemling  moment 
M  the  following  value  t — 

M.  =  ^"^); p.) 

bd  the  stress  produced  by  it  must  be  taken  into  account  in  fixing 
the  ilimensions  of  the  longitudinal  beam.  For  example,  if  a;  =:  e  ^ 
a,  M-  =  W  c  -^  9. 

I  To  provide  resistance  to  a  paitial  load  by  dinijonal  bracing,  there 
nould  be  two  diagonal  stnits,  in  the  po.sitions  shown  by  the  dotted 
inei  4  5  and  G  1  iii  tig.  209 ;  4  5  to  act  when  the  partial  load  is  on 
L  and  6  1  when  the  partijil  load  is  on  1 .  The  greatest  thrust  S 
pong  either  of  them  is  given  bythe  following  formida: — Let  k  be  the 
iq>th  of  the  truss,  from  the  centre  line  of  F  to  the  centre  line  of  B. 

Chen 


8  =  W'^-Y^4x2-fZ:=. CM 


It  consists  of  four  <'](Miu'nta 


.1    I 


1  -2  ■:,  4  If 

15  04 

1784 

1  94 

bat  all  those  famsscs  have  tli 
along  that  tie-beani  is  the  sun; 

The  vertical  lines  roprcsen 
tie-beam  is  hung.  The  tio-lx 
platfonu. 

An  arrangement  of  struts 
without  the  tie-beam  or  sue 


Fig.  214. 


parts  of  the  Buspending-pie( 
stress  to  th( 


I!        J^ 


343.  Dtas* 

girder,  of  wli 
was  first  intn 
The  two  hori 
bending  mom 


DtAOOVALLY-BRACED  WOODEN  OrBDER.  47^ 


»  suspentling-rod ;  D,  d,  struts  sloping  up  towarfla  the  middle  of 
the  spun,  and  iiulicated  by  plain  lines  in  iig.  214;  E,  «,  struts 
sloping  <jp  towards  the  nearest  point  of  support,  and  indicatGd  by 
dotted  Unes  in  fig.  214. 

The  diagonals  shown  by  full  linea  are  all  that  would  be  required 
if  the  load  were  always  uniformly  diatributed  over  the  girder. 
Those  shown  by  dots  are  necessary  in  order  to  resist  travelling 
loada 

The  actions  of  the  load  on  this  girder  are  computed  by  the  method 
already  explained  in  Article  IGU,  pp.  230  to  243,  as  applied  to  a 
beam  loaded  at  detached  points.  The  formula  for  the  bending 
moment  at  any  cross-section  has  already  been  given  in  Article  IGl, 
Case  VIII.,  p.  247.  In  computing  the  shearing  force,  regard  must 
be  had  to  the  action  of  a  travelling  load,  as  explained  in  Article 
161,  Case  IX.,  p]),  247,  248. 

The  following  are  the  most  convenient  formulae  in  practice. 
One  of  the  points  of  support  being  numbered  0,  tlio  joints  of  the 
tipper  boom  are  to  bo  numbered  consecutively  fi'om  that  end  of  the 
guder  towurdfl  the  middle,  as  in  fig.  214 : — 

Let  n  denote  the  number  of  any  joint,  and  N  the  total  number 
■of  divisions  in  the  beam.  (lu  the  figure  N  ^  8;  and  for  tho 
middle  joint,  n  :=  4.     When  N  is  odd,  there  is  no  middle  joint.) 

Let  k  denote  the  height  of  the  gmler,  measured  from  centre  to 
centre  of  the  horizontal  booms ; 

I,  its  span ;  so  that  i  -^  N  ia  the  length  of  a  division ; 

«,  the  length  of  a  diagonal,  measured  along  its  line  of  resistance. 


=V 


^'-Nl' 


H|aB^  the  uniform  steady  load  upon  each  joint; 
Hw,  the  greatest  travelling  load  upon  each  joint 

The  divisions  of  the  horizontal  booms  are  to  be  numbered  I,  2, 
3,  4,  from  the  ends  towards  the  middle;  so  that  in  fig.  214,  Division 
No.  1  of  the  upper  boom  lies  between  1  and  2 ;  Division  No.  1  of 
|])e  lower  boom  lies  between  0  and  the  8usiH;nding-ix>d  1,  <tc. 

Suspendirig-i-ods  and  diagonals  are  designated  by  the  number  of 
the  joint  where  their  upper  ends  mct_'t ;  thus,  in  fig.  215,  if  n  be  tho 
inainber  of  the  rod  0,  it  is  also  the  numl»er  of  the  larger  diagonal 
1),  an<l  the  smaller  diagonal  E;  while  the  number  oid\&n+\,  and 
that  of  «f,  n-1. 

Let  H.  be  tho  thnist  and  temiion  along  the  division  »  of  the 
upper  and  lower  booms ; 

"V,,  the  tension  on  the  vertical  rod  n ; 

T„  the  thrust  on  the  large  diagonal  n; 

t^  the  thrust  on  the  small  diagonal  n. 


i 


TT  _  ('^  +  w')l  n(N—n) 


L 

■  ^1.  (wlhen  tl»e  platform  is  hung  from  tUc  gii-der,  for  all  exoef 

■  .,„         ,.         /N  +  1       \  (N-n)(X-n+l)      . 

V  (when  the  phitform  is  hung  fi-om  the  girder,   for  tl 


rod)  =  to  + 


(!-)• 


I 


(Whon  the  iilatfonn  rests  on  tlio  top  of  tlie  girder,  soblmot  ti 
i'vova  each  of  tliu  above  values  of  V.) 

_     ic«/N-^l       \     wo  (N-n)-(N-n+l) 
to  «  /N  -  1       \     to'  *   n  •  (u  4- 1  \ 


When  the  liut  formula  (5)  gives  u  null  or  negativo 
shows  that  the  smaller  di;iguiml  in  tlic  division  in  qt 
necessary. 

A  comnwn  iticliimtioD  for  tln>  dingonals  is  45*;  the 
ing  vuhic  of  *  -4-  fc  is  1  'lit,  and  tlmt  of  I  ~Ji-Ic  ia  N.* 
Thf.  follfiwing  is  n  tumicric«l  example: — 
Span  60  feet,  in  eight  cqnul  divisions;  that  ifl,  1  =  80} 
A=10feet;s-U-14  f.-ot. 
w=  5U0O  lbs.;  t<''=  10,000  Iba 


Pkktform  hi 

ing  below 

g' 

rder. 

1 

n 

H 

V 

T 

J 

Ibt. 

Wa. 

lbs. 

IbJ 

I 

52t5oo 

S2..100 

74,235 

negafl 

2 

90,000 

38.750 

54,792 

uegati 

3 

1 1 3,500 

26,350 

37,128 

7,070 

4 

120,000 

i7>5oo 

31, 210 

The  last  column  shows  that,  in  tlie  example  chosen, 
diagonals  are  rcqnirt'd  in  tho  two  middle*  divisions  only. 

The  vithic  of  Jl  for  »  =  4  iipplies  to  the  lower  hoova  alone^l 

Ipper  boom  has  only  three  iliv  isiotia  on  each  side  of  the  middlil 
344.  i^aiticc-worU  ninirra  of  timber  were  first  introduced  bj 
Ulicl  Towno.     The  luttice-work   consists    of  planks  inc 
fc*  to  the  horizon-  pinned  tofjether  with  trccnaik. 


Qtroduced  bj 
anks  ind^ 
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Fig.  210, 


I  giiider,  even  without  horizontal  booms  (as  in  fig.  216), 
f  sapportiug  a  cei-tjiin  load,  [n'ovided  its  ends  are  made 
de  jiieiTs;  and,  under  these  circumstunces,  its  moment 
e  at  any  cross-sectiou  is  simply  the 
moments  of  i*csist!ince  of  tliti  pLuiks 

by  that  cmss-sectiou.  But  this 
•BstnictioQ  is  uiilkvoiu-able  lioth  to 
,nd  to  stiffness.  When  Lorizontiil 
lolted  to  tlie  lattice-work  at  its  upper 
dgea,  they  may  be  considered,  without 
On;  as  sastainiug  all  tlie  betidiii;^  mo- 

those  in  the  example  of  the   last   article;   while   the 
:  beai-3  the  shearing  action  of  the  load,  distributed  with 
e  uniformity  amongst  the  hai-s  or  planks. 
Ib«r  Arrhca. — WIicu  a  timber  arch  is  exactly  or  nearly 
I  of  an  equililimted  rib  of  uniform  strength  under  the 

of  its  lojid,  uud  is  subject  hvsiiles  to  a  rolling  load,  its 

to  be  computed  according  to  the  methods  of  Article 
6  to  314. 

a.  form  for  timber  arches  is  a  segment  of  a  circle ;  but 
B  for  a  paralwlic  rib  may  be  used  in  practice  without 
ror.     In  almost  every  case  the  rib  may  be  considered 

direelion  at  the  end«;  so  that  if  the  abutments  are 
I,  tlie  formula;  to  lie  employed  will  be  those  of  Problem 
ons  30  to  38  b,  pp.  305  to  308;  and  if  the  abutments 
'  moveable,  equation  410,  p.  308,  is  to  be  used  instead  of 
H 

ling  a  timber  arcli,  the  greatest  working  deflection 
;>mputed  by  the  equation  61  of  Article  180,  p.  313;  and 
if  timVx>r  in  the  arch  and  superstructure  should  be  pro- 
B  if  the  platform  were  to  have  an  upward  convexity  or 
with  a  rise  in  the  centre  of  the  span  equal  to  the 
Ictleclioiu  The  result  will  Iw,  that  the  platform  will 
tzontal,  or  nearly  so,  when  fully  loa<lwl. 
Uar  timber  ribs  are  now  often  employed  to  support 
ie  sake  of  architectural  apjiearauce.  In  fig,  217,  let 
t  quadrant  of  such  a  rib,  under  a  load 
|iBtribute<l  horizontally,  O  being  its 
taw  B  D  and  A  D  tiingenta  to  the 
VC  at  the  springing  and  at  the  crown; 

in  E;  then,  if  the  arch  be  jointed 
>  A  and  B,  E  B  will  Ix:  the  direction 
ifit  at  B;  and  its  horizontal  com- 
I  be  ftal/  tfta  load  on  the  qwadranii 


_f.-^ 


¥\i.%U. 


h 


2t 


m^ 
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m 


r  being  tlio  mfliua  O  A,  and  lo  the  load  per  lineal 
Tho  greatest  bonding  moment,  cm  the  same  BtipiJo.-i 
C,  30''  above  the  springing.  Timt  moment  tends  to  r 
aliurper  at  tUut  point ;  and  its  value  is 


-41^ 


The  value  of  the  direct  thrust  is  2  H= u?  r,  as  gircn  by  emaWftL 
By  the  use  of  these  values  in  the  formulfe  of  .Vrticlo  340,  pk  <l 
the  proper  scantling  for  the  rib  may  be  compntfd.     Th«  supMifl 
of  the  rib  being  hinged  at  A  and  B  is  not  perfectly  rraiisBlS 
jiractice ;  but  it  will  not  lead  to  any  error  of  iniportiui'o?. 

31 G.   Timber  SpAnOrtU. WliCQ 

archea   support  u    level    pLitfirv    — 
spandril  in  geucml   (.'ontAiiis  . 
upright  posts  for  trausmittm^  lui  ,* 
from  the  platform  to  the  urcL.     A  In 
zoutal  beam  on    the  top    of  ch<  ': 
Fig.  218.  posts  should  have  strength   ax\\ 

BuflScient  to  resist  the  load  between  each  pair  of  posta. 

To  stiffen  the  frame  tmnsversely,  the  posts  which  stanil  wi*' 
sido  should  have  diagonal  braces  between  them ;  tlii> 
verse  •Umension  of  any  brace  not  being  less  than  about 
part  of  ita  longtli. 

To  stiffen  the   frame  longitudiually,  diagonal    bmces   mar 
j>lacod  as  in  fig.  218.     To  tind  the  stress  which  any  oti. 
diagoD&l  braces  should  be  ca^mble  of  resisting  wiUi  bulV- 
upright  posts  be  numbered  from  one  end  of  the  urcli  to  1  ^ 
0,  1,  2,  3,  «kc.  (lilve  the  suspeudiug-rods  in  Article  3 15). 

N  be  the  total  number  of  longitudinal  divitdons  in  Uio  pLii.'.-u 
n  and  n  +  1^  tho  numbers  of  the  posts  between  wbicii  * 

diagonal  broce  is  situated. 
a,  its  length,  and  k  tlic  dili'crencc  of  lerel  of  ita  endiL 
u/,  the  greatest  traveilinif  lund  on  one  poet. 
T,  the  greatest  amount  of  thmst  along  the  diagonal;  tlimi 


r 


T=r 


«/ 


n(n  +  l) 
2N    * 


.~W 


For  the  (lis^iuLU  XwAwbbu  Q  «t&d.  I,  indimtod  by  diits  !&  ' 
igurc,  this  exprcHBiou  ia  s=  ^  *,  "WX*  iwss«i!?Cia.<3«:»  «» \«i5  ^  i. 
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ay  be  placed  there,  of  the  sune  size  with  the  smallest  of  those 
iMtween  1  and  2,  in  order  to  give  additional  stifibcas. 

It  is  possible  that   wheu  the  arch  is  partially  loaded  w-ith  a 

travelling  load,  some  of  the  upright  pieces  whicJj,  when  the  load  ia 

lui'orm,  are  jmsts,  may  have  to  act  occasionally  as  suspending- 

To  find  whether  tMa  ia  the  case  for  any  given  upright 

Mece,  let  n  be  ita  number,  and  w"  the  dead  load  resting  upon  it; 

tlic'u  compote  the  value  of  the  following  expreaaion : — 


y  =  ^.!L^ +!>_„., 


.(3.) 


id  if  this  is  positive,  it  will  give  the  greatest  tension  on  the 

ght;  if  null  or  negative,  it  will  show  that  the  upright  acts 

fwBvs  as  a  strut  or  post,  and  never  as  a  suspending-piecc  or  tic 

Another  mode  of  construction  is  to  make  all  the  diagonals  ii'oa 

tie-bolts.     In  this  ojiae  equation  1  will  give  the  gi-eatest  tension  on 

aoy  given  bolt.     The  njirighta  will  always  act  as  posts,  and  the 

St  load  0&  Mch  will  be  given  by  the  following  formula? : — 


V,  =  „. +  .,{!+»(» -J)} (3.) 


Fig.  210. 


347.  Tinbcr  B««rMriag  c;tr««r.  (Fig.  219.) — In  a  girder  of  thia 
nd,  a  timbtT  ai-ch  springs  from  a  tie- 
beam,  which  supports  the  cross-beams  of 
le  platform,  and  is  hiing  from  the  arch  at 
|ter\-als  by  vertical  suspending-pieces  or 
5,  •with  diagonal  braces  between  them. 
The  tic'-be.im  has  to  bear  at  once  a  tcn- 
eion  equal  to  the  horizontal  thnist  of  the  arch,  and  a  bending  action 
due  to  the  load  supported  on  it  between  a  pair  of  suspending-pieces; 
and  its  strength  depends  on  the  principles  explained  in  Article  310, 
IK  474. 

The  greatest  tension  on  any  suspending-piece  is  to  be  found  by 
xneans  of  equation  3  of  Ailicle  346,  above. 

The  greatest  thrust  along  any  diagonal  is  to  be  found  by  means 
!  equation  I  of  the  same  Article,  p.  482. 

The  horizontal  tie  of  a  timber  bowstring  girder  should  never  bo 

de  of  iron,  as  its  c.xp.ansion  and  contraction  woidd  strain  and  at 

?ngth  destroy  the  timber  arch. 

'Mf*.  Timbc^  Pim. — A  timber  pier  for  supporting  arches  or 

-.   may  consist  of  any  convenient   number  of  ix)sts,  either 

il  orslii^htly  raking,  and  connected  together  by  horizontal 

miii  iliagonal  braces, 

EacJi  post  should  be  braced  at  every  point  wlivara  \.\\exc  \ft  o.  "yjvs^  i 


I.  Tlio  iKjsts  at  tlu!  l)aso  of  the  pier  should,  if  po; 
Bvicli  a  (listanco  IVoin  each  other  that  the  lateral  tl 
no  ttn<iiu>i  on  any  one  of  them.  For  example,  coni 
timber  viaduct  to  consist  of  two  pai-allel  rows  oi 
greatest  horizontal  thrust  iu  a  dircctioa  i>erpen<lici 
bo  H,  acting  at  the  height  Y  above  the  base  of 
H  Y  is  its  momcut ;  let  W  be  the  gross  vertical  loa<] 
B  the  i*equired  distance  from  centre  to  centre  b 
rows  of  posts  at  the  base  of  the  pier;  then  make 

Tt      2HY. 


and  there  will  never  be  tension  on  any  of  Um 
arrangement  be  made,  the  tchoU  load  W  will  be  i 
<me  row  of  poits  when  the  greatest  throat  aota, 
the  load  on  the  row  of  posts  Airthest  from  the  rid 
which  the  thnut  acts  will  be, 


W  .  HY 


If  the  pier  consists  of  more  than  two  rows  of  pa 
the  number  of  rows,  and  let  them  be  eqnidutant  i 
B  being  still  the  distance  from  centre  to  centre  of  1 
Let  P  denote  the  share  of  the  load  whidi  xests  on 
furthest  from  the  side  the  thrust  is  annlied  tn.  m. 
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The  best  value  for  fi  is  found  by  milking  P  =  Oj  that  is  to  s&j, 
HY:_^(!iZzi)* .  ...(5.) 


B  = 


in  which  case. 


3  W 


P  = 


n 


.(G.) 


II.  The  horizontal  and  diagonal  braces  are  to  be  calculated  to 
resist  the  horizontal  thnist,  in  the  same  maimer  that  the  susjjctid- 
ing-pieces  and  diagonal  struts  of  a  diagonaliy-braced  gii-der  aro 
calculated  to  resist  the  shearing  stress,  aujipoaing  that  shearing 
Bti-c?s  to  be  the  same  at  all  points  of  the  girder,  and  =  H. 


Fig.  220. 

349.  Ceairr*  far  Arches. — ^The  use  and  general  constniction   of 

jtrea  for  arches  have  already  been   explained  in  Article  279, 

The  present  article  relates  to  the  figure  and  strength  of 

ribs  or  frames  which  support  the  leggings. 

Action  ov  Load  on  Centre. — The  btulding  of  the  arch 

be   airried  up   aimidtaneoualy   at   the   two   sides   of  the 

itzcv  M>  that  the  load  on  the  centre  ci&y  uevec  \>«  «m'«^A';I 
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irnsyminotrical.     The   loading   of  the   centre   -will    tlttjs  ad 
lr<>m  lj<ith  encls  towarils  the  middle;  and  its  most  SfVim 
M-^hcther  compressive,  shearing,  or  bendlug,  will   ttkke    ) 
before  the  key-stones  are  driven  into  their  places. 

If  there  were  no  friction  between  the  arch-atoaes,  ^ 
the  centre  could  be  computed  exactly.     The  friction  ij.; 
renders  all  formulee  for  tiiat  purpoae  uncertain. 

It  is  usually  stated  tluit  the  archnstones  do  not  begin 
against  the  centre  until  courses  are  laid  the  slo[>e  of  whuM 
steeper  than  the  angle  of  repose ;  that  is  to  pay,  from  2o'  t 
on  an  average.,  about  30°;  but  in  order  that  thi«  may  be 
lower  j)ai-t  of  the  arch  must  be  ao  thick  ua  to  have  v  •  ■• 
upset  imcardit.      A   thickness  equal   to   about   od<- 
radius  of  curvatui-e  of  the  intiudos  is  in  genei-al  suliiciius 
purpose;  but  still  any  accidental  disturbance  of  the 
may  uiake  them  press  against  the  centre^ 

Each  successive  course  of  arch-stoucs  that  is  laid  cvnm  I 
presiture  excrtcid  by  the   previous  courses   .      '  '       i  irsti* 

dinuniah ;  and  when  a  Bcinic:ircular  arch  is  '  .  Imi 

key-stone,  the  stones  whose  beds  slope  less  steeply  tiii»o  30" 
ceaaed  to  press  against  the  centre,  and  that  even  alAm^ 
sJunUd  be  nojriclioii.     In  fact,  when  the  Icnid  oti  the  oeatn; 
its  greatest  amount,  its  action  is  nearly  the  «aTn«»  whctber 
operates  sensibly  or  not;  and  considering  t'  tvod  t 

fact  that  any  errors  in  calculation  caused  by  .  .  -  thf 

of  the  stones  on  each  other  must  be  on  the  si' 
that  for  practical  purpoaes  it  is  suiiicient  to  cii     i  r 

centre  as  if  the  friction  between  the  stones  "were  inscnsiUie 
The  follownng  are  the  results : — 
(1.)  General  Ca^e. — Let  w  denote  the  weight  jifnr  Unetija^  ^^ 
iithrados  of  the  arch  resting  on  a  given  rib  of  a  ccnti-.- 

Let  tlie  co-ordinates  of  u  .;  v  -- 

D,  fig.  221)  in  the  intraU-.T.  ..,  uimoizfi 
from  its  Ingliest  point  A  ;  x  being  OMMairf 
horizontally,  and  «/  vertically  dowmmii 

Let  0-^  and  y^  be  the  co-ordinatai  af  ^ 
point  0. 

Let  r  be  the  radius  of  oarFaiore  of  Ai 
intrados  at  the  ]ioiQt  D. 

i,  its  inclination  to  the  Lomnn. 
j>,  the  normal  presauiv  ^s«i»«t  tiw  r^ 
at  tlie  point  D,  per  limml  foot  uf  iatm^r 
then,  friction  being  inmigiblo. 


p^io 


COS  I 


_1  ('■ 

r  1  V 
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id  the  greatest  value  of  this  ia 

w  •  cos  i. (1  A.) 

I.ft  P  be  the  total  vertical  load  arising  from  the  pressure  of  the 
arcli-stoaes  on  the  rib  between  C  and  D ;  then 

^=/>^^^ (2) 

the  value  of  this,  when  the  arch  is  complete  all  but  the  kcj- 


le,  la 


1^1=  j'^^  pdx  (making  i/Q  =  0); (2  A.) 


Xi  being  the  horizontal  distance  from  the  middle  of  the  6]>aa  to 
a  point  for  which  p  =  0. 

If  the  rib,  instead  of  i-csting  on  a  series  of  posts,  as  in  tig.  221,  is 
supported  as  a  ffirdefr  on  the  abutments  or  piers  of  the  arch,  or  on 
timber  piera  of  ita  own, 

Ivet  c  be  the  half-span  of  that  girder ; 

~  t,  the  moment  of  flexure  in  the  middle  of  the  span;  then 

M  =  Pc—  [^^ojrfx; , 

and  the  greatest  value  of  this  is 

Ml  =  Pi  c  —  C'  pxdx  (for  yo  =  0) (3  A,)' 

rormula  1  A.  serves  to  compute  the  greatest  load  to  be  borno  by 
the  lagffings  or  bolsters;  eqiiatioii  2  series  to  compute  the  loud  on 
any  vertical  post,  or  the  vurticid  component  of  the  load  on  any  given 
back-piece,  or  segment  of  the  rib  imjncdiately  under  the  loggings; 
and  the  total  transverse  load  on  such  a  piece  is 

Psec*' (4.) 

/  being  its  inclination  to  the  horizon. 

£c]uation  2  A.  gives  the  greatest  vertical  load  on  each  half  of 
the  rib,  and  serves  to  compute  the  total  strength  required  for  its 
vertical  supports ;  and  equation  3  A  serves  to  compute  the  strength 
required  if  tho  rib  acts  as  a  girder. 

(2.)  Circufnr  Arch  not  exc^itig  120*. — In  an  arch  with  a  circular 
intrados,  we  have — 


tf  ;  2/  z=^  r(l  —  008  <>  J; 


(B  ^  r  sin  tf 

a^  ^  r  sin 

«j  =  r  ain  /(j ;  yj  =  r  (1  —  cos  fl^; 
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Let  »,  *o,  «,,  denote  lengtlia  of  area  measured  from  A  in  (•< 
Let  the  weight  per  foot  of  intradoa  w  be  coDStaul.     T1j«»| 
nonnol  pressure  per  foot  of  iatnulos  is 


)7  =  to  (2  cos  6  —  cos  i^  ^  u> 
and  its  gi'eatest  value  for  a  given  point, 


_....^-2y4-yo. 


■>-"^, 


to  cos  tf  =  10 


—  tn  •  ? 


^N^ 


The  vertical  load  between  C  and  D  is 

P  =  tt)r<  6  —  ^g  —  sin^  (cos  ^^  —  cos  <)  > 


.  ....(t) 


whicb,  when  the  load  is  complete  up  to  A,  and  D  istUthti 
ing,  becomes 

Pj  =  w  r  I  *i  —  sin  tfj  (1  —  cos  <?i)  I  =  w  |  s^  —  ^i-^'  }.(<^ 

in  which  Lvst  expression,  the  load  on  the  half-rib  is  given  iij< 
of  its  length,  Sj,  its  lud/span,  x^,  and  its  rise,  */.. 

Tht!  greatest  moment  of  flexure,  M^,  on  a  girder-rib  of  tliel 
spun  c,  is  aa  follows : — 


-_        -,  „/l,co82#,       2cos«#A 


C>) 


In  emj^loying  these  formula?,  it  may  often  be  convetjieni  tm 
the  following  ejcpressions  for  computing  the  radius  r  aud  . 
of  any  given  arc  from  its  half-iiitan  x  and  rise  y : — 

The  load  on  any  arc  of  the  rib  may  be  represented  grapl 
1  the  following  manner : — 

I     In  fig.  222,  let  A  fi  be  a  quadrant,  described  about  Ov,?' 
Inpresenting  that  of  the  intradoe.     Let  O  bo  the  |)oint  i., 
the  arch  has  been  \»uit,  asv^^  «k>j  <i>^«c  vooiSi  vu^,  i,Ua  intraU'.^ 
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tbat  the  ladf  of  the  radius  A  O  represents  lo,  the 
foot  of  intmcioa. 
P  draw  C  E  II  A  O;  bisect  O  E  in  F,  from  which  draw 
\  B ;  draw  D  G  [|  A  O ; 
P  G  rcj)r(»scnt  the  normal 
in  each  lineal  font  of  the 
fpoint  D ;  ami  the  shaded 
f  G  F  will  rejireseut  the 
jBaponeut  of  the  load  on 
jtwecn  C  and  D,  both  in  ^'6-  222. 

ftd  in  distribution ;  that  is  to  say, 

i  AO:m::D  G:p 

:  :  C  D  G  F  :  P. 

pt  H  ia  that  below  which  the  arch-stones  c»t8c  to  preaa 
li  when  the  arch  has  been  built  tip  to  tlie  point  O. 
le  in  which  the  rib  is  completely  loaded,  \hv  arch  being 
ll  but  the  koy-stone,  is  represented  by  tig.  223.  Bisect 
iiJ  radius  A  0  in  K,  and  conceive  A  K  to  represent  w\ 
L II  O  B ;  L  will  be  a  point  below  which  the  stones  do  not 
he  rib  (supposing  the  arch  to  extend  so  far)  \  and  at  that 
[60°.     Let  D  be  any  point  iu  the  intnidos;  dmw  D  AI  || 

A  K  :  w  :  :  D  M  :  p 

:  :  ABMK  :P; 

Is  the  springing  of  the  arch,  A  D  M  K  represents  the 
ftd  on  the  half  rib,  P^.  If  the  anx)w  P  in  the  figure 
the  position  of  one  of  the  two  supjwrta  of  a  girder  rib, 
ii  equation  7. 

"  '<ir  A  rcit  of  1 20"  a7ul  upwards. — Because  the  arch-stones 
point  where  the  inclination  of  the  intrados  to  the  horizon 
not  press  upon  the  rib  when  the  load  is  complete,  the 
J  for  ^j  =  ^  3-  applies  also  to  all  greater  values  of  ^j^;  it 
itood  that  in  every  such  case  we  are  to  make 

V    4    '  ^  •"""''  ^'i  — 2' 

r  the  actual  rise  and  span  of  the  arch  may  be.  This 
bllowiug  results : — 

Pj  =  -6142  w  r; (10.) 


■r  =  -866  r;  y,  =  ^;  «^  =  10472  r;  ...(0.) 


k 

k. 


J  =  u»r  (-6142  0-1^) .^\\^ 
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MATERULB  AXD  &TBCcnmE& 


Fig.  224. 


(4.)  yon-circular  Arch. — Find  the  two  points  at  wl 
trados  is  inclined  60°  to  the  liorizon  ;  conceive  a  cir 
through  them  and  through  the  cro\m  of  the  intnidoa, 
as  in  Case  2,  calcidnting  r  and  a  by  the  fonuxiliB  8, 
the  co-ordinates  of  each  of  the  two  points  where  the  it 
the  intradoa  is  60°.     The  results  will  be  near  euoogh  to  1 
for  practical  purjwBoa. 

JI.  Strikinc- PLATES  AND  "Wedoes. — These  temui  an  I 
to  the  apparatu.H  by  which  tlie  centre  is  lowered  after  tiiefl 
been  completed.  Fi;;.  224  represents  a  pair  of  sttikii^H 
and  B,  with  a  conipuund  wedge  C  betwoou  them.  IH 
etriking-plate  B  ia  a  strong  buani,  suitably  notched  on  nW 
side,  and  resting  on  the  top  of  the  pier  or  row  of  p^jsta  whid> 
one  of  the  supports  of  a  centre;  tlie 
striking-plate  A,  ntitched  on  the  nndoi 
forms  the  base  of  part  of  the  fnuni> 
centre;  and  the  we«]ge  C  keej*  tia 
ing-plates  A  and  B  astmder,  bedn^ 
kept  in  its  place  by  keys  or  smaller  i 
driven  behind  its  shoulders.  When  the  centre  i^  to  b*  I 
those  koyg  are  driven  out;  and  the  wedge  C  being  driitl 
with  a  mallet,  allows  the  upper  striking-plate  to  desonniL 
221,  p.  486,  S,  S,  S,  represent  the  ends  of  pairs  of  etrikilg 
resting  transvei-sely  on  the  jx^sts  or  piles  which  support  tki 
centre.  In  some  centres,  of  wliich  examples  will  be  ff^ 
etriking-platea  lie  longitudinally.  In  the  centric  introiiiM 
Hartley,  each  lagging  can  bo  struck  separately  by  lowwij 
wedges  or  screws  which  sxipport  it;  eo  that  striking'^ 
support  the  entire  centre  are  unnecessary.  {S<*e  p.  4'J3.) 
in.  Framiso  op  OENTRiiS. — The  back-piwes  which 
upper  edge  of  the  rib,  arc  usually  supjjortod  at 
35  feet  asunder.  In  some  examples,  however,  thoa 
close  as  5  or  6  feet 

It  is  essential  that  a  centre  should  poBaea*  t^tiffricfie 
polygonal  frames  of  many  sides  and  timb 
for  its  ribs,  because  of  their  flexibility, 
listed,  but  have  caused  gi-eat  diffimlty  an<l  fjvcn   dan 
construction  of  the  arch.     The  kinds  of  framework 
been  found  to  succeed  are  of  tliive  kin<l3,  viz. : — 

(1.)  Direct  supports  fimn   intermetUate   poiuta;  taj 


employed  when  practicable, 
(l.)  Direct  Support*  m  &  vcrj  «v5xv^fttectBL*«ft  Uli 


i 


FRAXmO   OF  TIMBER   CENTRaS. 


if  p.  486.  Several  rows  of  piles  Bupport  a  series  of  pain  of  striking- 
pM.     Ou  tiio  upper  striking-plates  rest  the  ribs,  each  of  which 
Wosia  of  the  following  parts : — A  bUI  or  iioiizoutal  beam,  u  seriosi 
Vertical  posts  directly  over  the  piles,  horizontal  braces  or  walen, 
wonal  braces  Ijctween  the  posts,  oblique  glrutu  near  the  upper 
Is  of  the  posts,  to  su])port  intermediate  points  in  the  back- 
fees,  and  the  hack-piecea.   Besides  ginng  stiffness  to  the  posts,  the 
_  >nal  braces  answer  tlie  purpose  of  suppoi-tiug  a  given  part  of 
rib  in  case  the  pile  vertically  below  it  should  give  way. 
Tig.  225  is  a  skeleton  diagram  of  Hartle}''s  centre  for  the  Dee 
ige   at    Chester,  in  which  the 
Iter    number    of   the    supports 
listed  of  stmts,  radiating  in   a 
^like    arrangement     from     iron 
;ts    or   shoes    ou    the   tops   of 
iry   stone   piers,    of   which 
were  fom-  in  the  total  spaa 
)0  feet.     The  struts  were  stif- 
Ly   means   of  wales  at  dis- 

of  from  10  to  12  foot  apart  _ 

ically.     The  duty  of  back-pieces  was  done  hy  two  thicknesses 

inch  plunks.  (See  Trans.  Imt.  Civ.  Engs.,  vol.  i.) 
L)  JncliitfJ,  iytrnfs,  in  pairs,  are  exenipliticil  in  fig.  226,  which  is 
eloton  diagram  of  the  centre  of  Waterloo  Bridge.  Each  joint 
le  back -pieces,  such  as  A,  B,  C,  «tc.,  was  indei^ndcntly  sujh 
"  by  a  pair  of  struts  of  its  own,  springing  from  the  striking- 
F  and  F.     At  each  jxiint  where  many  of  those  struts 


FiQ.  2ib. 


Fig.  226. 

Elected  each  other,  suoh  as  H,  I,  and  I',  they  were  connected  by 
tting  into  one  east  iron  socket  At  other  |>oints  of  intersection 
'  were  notched  and  bolted  together.  Thty  were  further  stif- 
i.  by  means  of  radiating  piecort  in  pairs,  whose  positions  are 
rn  in  the  sketoL  The  strikiug-])lutes  wei-e  longitudinal  and 
ned,  and  were  supported  on  struts  springing  from  the  Bte\)\jvsA. 
of  the  stone  piefs  of  tie  bridge. 


1 
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UATHIUALS  AND  STRTJCTL'aJSS. 


(3.)  TruMed  Girders,  as  applied  to  oeutres,  arc  illostzatcJ  (\ 
227)  by  the  centre  of  London  Bridgei  The  skolcli  ahoirt  tla 
about  oub-fourth  of  the  span  at  each  side  the  support ' 


being  given  by  vertical  posts  wth  diagonal  braces  bet\i 
wliile   across  the   middle   half  of  tho    spun   the   rib 
dingonaIly-braced  girder  of  gxx»at  stJlTuess,  its  duplh 
onc'fom'th  of  ita    apsiu.      The  Btriking-phites  were  lo 
and  horizoutal 

The  riba  of  a  centre  ahoold  be  braced  together 
horizontiil  and  diagonal  braces. 

Ju  framing  centres  it  is  desirable  to  uso  the  piec( 
Biich  a  manner  that  they  may  be  afterwards  ap^ 
purposes. 


(Aduendum  to  Article  174,  p.  280,  and  Article  I 
pp.  450  to  453.) 

349  A.    RcBlatnace  •€  Timber  lo  ToralaB. — Thc    fidlr 

results  of  some  recent  experiments   by   AI.    Bounic 
resistance  of  timber  to  twisting  and  wi-enching,  exi 
a  jwficr  in  the  "  Annales  da  ForUa  et  CJiaxutitenii"  for 
co-cthcient8  are   inodiiied  so  as  to  suit  thn  formula 
A'enont  for  resistance  to  torsion,  which  are  inorts  oot 
ordinary  fonaulifi  em^Yo^ed  in.  thu  original  paper. 


RESISTANCE  OF  TUIBEB  TO  TWISTOTC. 

Modulns  or  Rupture    Modulus  of  Traiu- 
by  Wrenching.         verse  EUstldtv. 

Lb«.  on  the  Square    Lbsw  on  the  Square 
Inch.  Inch. 

Bed  Pine  of  Prussia, ^fi^K  116,300 

„         ofNoi-way, 1.273  6t,8oo 

Elm, 1.863  76,000 

Oak  (of  Noraumdy), S.'So  82,400 

Ash, ii95<>  76,000 

For  the  forraultc  of  M.  de  St.  Venant,  and  their  investij^itioni 
k  his  notes  to  a  recent  edition  of  Navier  a  Tra^  de  la  Raiatawa 
^MaUriavx. 

iThe  following  are  the  formulae  applicable  to  square  bars : — 
Iiet  h  be  the  breadth  and  tliickness  of  the  Uvr. 
1 M,  the  mument  of  torsion  required  to  wrench  it  asunder;  then 

M  =  -208//^  (1.) 

Also,  let  I  be  the  length  of  the  bar. 
H',  any  moment  of  torsion. 

i,  the  angle,  stated  in  arc  to  radius  unity,  throngh  which  the 
bar  is  twisted  by  that  moment;  then 

6-^KL^ (2) 

- -1405  0  A*  ^   ' 


ADDEIfDDV  TO  Articlk  343,  p.  480. 
As  to  the  most  economical  angles  or  inclination  for  diagonal  braces,  see  papers 
'Mr.  Bow  in  the  Civil  Ernjineer  and  Architecft  Journal  (br  1861. 

Adde!cpum  to  Article  3-19,  p.  490. 
149  a.  Striking  of  Centre*  by   ntennii  of  f4and. — TliU   process  was  Grst 
tented  by  M.  Baudcmoulin,  perfected  by  M.  de  Sazilly,  and  carried  into  elTect  at 
I  Brid(;e  of  Aostcrtitz,  in  Paris,  by  M.  Bouziat. 

The  Io\fer  striking-plata  consists  of  a  timber  platform,  on  which  stand  a  antnber 
I'crtieil  plate-iron  cylinders,  of  nearly  I  fool  in  diameter,  and  1  foot  in  hei^jht. 
■  lower  end  of  ench  cylinder  fitx  on  a  circular  wooden  disc  about  J  inch  thick. 
But  1:{  inch  above  the  base  of  each  cj-Ilnder  are  foar  roand  holea,  of  about  j  inch 
lianieter.  stopped  with  corks.  Each  cylinder  is  filled  about  two-thirds  or  three- 
trters  full  of  clean  dry  sand ;  and  u{K<n  the  sand  rests  the  lover  end  of  a  cylindrical 
klen  plnoger  looaely  fitting  the  cylinder,  which  plongcr  Is,  in  fact,  tiie  lower  end 
!«  of  the  upright  posts  of  the  framework  of  tbe  centre.  The  joint  between  tba 
and  the  cylinder  is  stopped  with  plaster,  to  protect  the  sand  from  moiattm. 
the  centre  is  to  l>e  stmck,  the  corks  are  token  out  of  the  cyluiders,  and  the 
mnning  oat  of  tbe  holes,  allows  the  centre  to  sink  slowly  aod  steadily.  The 
"  ueaaamry,  may  be  looseaed  with  a  hook,  to  make  it  ma  freely;  and  it  most 
'  away  from  the  boles  as  it  ruina  oat 

L'nirerttlle,  1862. — Notices  ttir  k$  J/odcfei,  Cartel,  et  DewiM  wHolvJa 
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f!g.  228.— [The  Cnunlin  Vixdoct,  (bnn  •  PfaolasTmpli.} 


CHAPTER  V. 


OP  METjUXIC  strttctthes. 


Sectioh  I. — O/Iron  andSlBeL 

350.    8*inwea  natf  ClnnMv  «r  Irmt  !■  dtntvmt. — It  WOoId  1 

to  the  subject  of  the  present  treatise  to  «»nter  into  i 
ores  from  which  iron  ia  obtained,  and  the  proce« 
fnrtnre.     A  brief  fiiimmarr,  therefore,  of  those  nmt 
bf?  given,  referriflg  I'or  more  full   information  to  sadi 

Fftirbairn  On  the  Iron  .V •-  -  •  ■-     'r />,,  fht  fr 

Mtuib«t'«  Paperg  <m  Irfm  alLMxk  Jf^ 


ORES   OF  IKOX. 
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J.  ore  the  most  oommoa  couditiona  in  which  iron  ia 

/fvw,  bdog  iron  nearly  pure,  or  com- 

1  with  from  one-fourth  to  oDo-liurnIrctiili 

;  of  Its  wdght  or  nickel     ThU  is  very 

;  and  is  found  in  dotadied  niusieji,  nrliich 

'  known,  or  aappowd,  to  have  foUeii  from 

^e  heavens, 


7 

\  Oxygen 
\  of  Iron  is  onir  finuid  in  combination  with  otiier  oabstaiKet, 


8otof<! 
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...  \  Oxjffa 3         4**  \ 

Mof  Pisoxideof  Iron  ^ 

„    , «  Iron -I    ...224 ■» 
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(to  of  Iron  =: 
loxble  of  Iron,  1  atom,. 

fAcid, 1  atom,. 


<  Iron 

\  Oxygen,-. 
(   Oxyg«n,. 


t 

I 


S61 
4^  -Ii6 


Curbout. 


9U  18  found  combined  witli  suliihui*,  fotnuiug  what  id  cane<] 
Pyrile^;  btit  that  ininoi'al  is  not  available  for  the  maniifivuture 
)ii ;  nnd  it  forms  a  pernicious  ingredient  in  ores,  or  in  the  fuel 
■'■■^  in-">lt  theni,  becaitso  of  the  weakening  i>flect  of  sulphur  upon 

-anie  is  tlio  csaso  with  PliospJtatc  of  Iron. 
II-  uj-'Ti,  nbniidunt  foreign  ingredients  found  mixed  with  eom- 
ds  of  iron  in  its  orett  are  siliceona  sand  and  siliciitc  uf  alnmina, 
next  in  abundance  ar>>  th'         "        Ta-h  of  limo  and  m«g- 
long^   iither   foreitru    in  ,    which,   though   not 

huvc  an  in(!  '     nudity  <)t  the  iron  jirodiiccd,  are 

jgnjieMT,  ar  ifcc.     Of  these  inangfiuose  and 

lono  are  bunelicuii;  Rn  ^e  givca  increasetl  streugLh 

and  carbon  utisijiits  in  -  the  ore;  all  the  rest  nro 


prrmTrrnTi  Otr.*  nf  ffon  im  thd  follovring*. — 

■idoof\t«"n, 
;         J  ii,  Is  fouuA ' 

7^'  iLo  pntnaij-  stmttty  and  among^  plutouvo  toc^* 


A 


aud  is  the  source  of  some  of  the  finest  qnalities  of  iron, 
of  Sweden  aud  the  North-Eastern  tJiiited  States. 

IT.  R^.d  Iron  Ore  is  penjxide  of  iron,  pure  or  mixe 
]mi-e  aud  crystalline,  it  is  called  Si^ccidar  Iron  Ore,  or  It 
wlien  j)uro,  or  nearly  so,  and  in  kidney -shaped  masses,  Jio' 
fibrous  structure,  it  is  called  Red  IlanuitUe;  when  uiixi-J  «i 
or  moi-e  clay  and  sand,  it  is  cal  led  lied  frortsfone  aud  L'fd  OA 
is  fumul  in  various  geological  formations,  and  is  jmrewt  5i 
The  purer  kinds,  iron-glance  and  hajmatite,  pi-oduco  cxc 
for  example,  that  of  Nova  Scotiiu 

IlL  Bivwn  Iron  Ore  is  hydrate  of  peroxide  of  ir 
mixed.      When   compact  and   nearly   pure,    it    is 
Ilctmatite;    when    earthy  and   mixed   with    much 
Ochre.     It  is  found  oinongst  various  strata,  espeoially  < 
forniatious. 

IV.  Carbonate  of  Iron,  when  pure  and  ciystalliner 
Spaiiy  or  Spatfwae  Iron  Ore;  when  niLxed  •with  clay  anil 
Ironstone;  when  clay  ironstone  in  coloured  black  by 
matter,  it  is  called  Black-band  Ironstone,     These  ore»! 
umongst  various    prinmry   and   8econ<lary   stratified 
especially  amongst  those  of  the  coal  formation. 

The  pro|K>rtion  of  earthy  matter  in  the  ordinary  ote«j 
carbonate  of  ii-on  ranges  from  10  to  40  ]>er  cent 

The  iron  of  Britain  is  manufactured  partly  from 
chiefly  from  clay  ironstone  and  black-band. 

The  extraction  of  iron  firom  its  ores  consists  of  a 
pi-oco8ses,  which  may  be  described  in  general  terms  as 
the  iron  is  in  the  stivte  of  carbonate,  the  carbonic 
ly  the  agency  of  heat,  leaving  oxide  of  iron ;  the  < 
.  of  the  ore  are  i-emovcd  by  means  of  the  chemical 
earths  (especially  lime),  forming  a  glassy  i^efuse 
oxygen  is  taken  away  from  the  iron  by  means  of 
nffinity  of  carbon  j  and  in  certain  processes,  carbon, 
the  iron,  is  taken  away  by  means  of  the  chemical  aiHuitj 
There  are  also  pi-ocesses  whose  object  is  to  combine 
oortain  propoi*tions  of  carbon.     The  substances  eiuplc 
extraction  of  iron  from  its  ore  may  be  thus  classed, — t 
thoyW,  which  pnxluces  heat  by  its  combustion         ' 
lx"»n  ;  the  air,  which  8up[)lica  oxygen  for  the  com  i 
ilwjlujr  (gi-nerally  lime),  wliich  promotes  the  fu*iou  <3i 
coni bines  with  its  earthy  eonstituenta 

In  8omo  cases  a  substance  is  also  used  in  ot  ' 
and  phosphorus  from  the  ores  and  fuel     I 
tion  ot"  ^tr.  Cia\\eT\;^,  c!t\oTvvtfs,  «x  wtxw^  chlori 
gait,  ia  euvylo^ CO.  VB.  «a«^  ^^aaa&toi '' 


i6  jiarts  of  sulpbur        )  in  tlio  ore 
or  33  pai-ta  of  phosijhonia  j     or  fuel, 
tLere  bIiuU  be  35  parts  of  cblorinej 
as  common  salt  contains  23  parts  of  sodium  to  35  of  cblorine, 

proper  proportion  is         58  parts  of  common  salt 

e  metallic  products  of  the  iron  manufacture  are  of  three  kinds ; 

able  or  wrmtglU  iron,  being  \i\nni  or  nearly  pure  iron;  cast  t'rw* 

ted,  being  certain  compounds  of  iron  with  carljon.* 

I.  iMtpuriiiea  of  Iron — The  strength  and  other  good  qualities 

see  product*  dcpciul  mainly  on  the  absence  of  itnpuriim,  and 

ially  of  certain  substances  which  are  knovni  to  cause  brittle- 

aud  wwikness,  of  tvliich   the  most  important  are,  sulphur, 

ihonis,  silicon,  calcium,  and  mngnesium. 

Iphur  and  (according  to  Mushet)  cakium,  and  pi-obably  also 

csium,  make  iron  "  red,  slu>rl;''''  tltat  is,  brittle  ut  high  temper- 

»;  phospLoraa    and  (according  tt)  Mushet)  silicon   make  it 

'  short;"  that  is,  brittle  at  low  temperatures.     These  are  both 

18  defects ;  but  the  latter  is  the  woi-se, 

IpJiur  comes  in  general  from  coal  or  coke  used  as  fuel     Its 

siouH  effects  can  be  a\'oided  altogether  by  using  fiiei  which 

ins  no  sulphur;  and  hence  the  strongest  and  toughest  of  all 

18  tliat  which  is  melted,  reduced,   and  pmidled  either  with 

oal,  or  with  coal  or  coke  that  is  fi-ee  t'rrna  sulphur.     As  to  the 

aal  removal  of  sulphur,  see  the  preceding  Article. 

oaphorua  comes  in  mo.st  cases  from  phosphate  of  iron  in  the 

)r  iroxa.  phosphate  of  lime  iii  the  ore,  the  fuel,  or  the  flux. 

Dalvcrt's  method  of  removing  it  has  already  been  mentioned 

I.     The  ores  which  contain  mo.st  phosphorus  are  those  found 

ata  where  animal  remains  abound,  such  as  those  of  the  oolitic 

Ltion. 

Idum  and  Silicon  are  derived  respectively  from  the  decom- 

on  of  lime  and  of  silica  by  the  chemical  atfinity  of  carbon  tor 

oxygen.     The  only  iron  which  is  entii-ely  free  from  tJiese 
ities  is  that  which  is  made  by  the  reduction  of  ores  that  con- 
leither  silica,  nor  lime,  such  as  pure  magnetic  iron  ore,  pure 
tite,  or  pure  sparry  iron  ore. 
litfaor  of  those  earths  be  present  in  the  ore,  the  other  must  be 

as  a  flux,  to  form  a  slag  with  it;  and  a  small  portion  of 
>f  them  will  be  deoxidated,  the  bases  uniting  with  the  iron, 
a  a  defect  of  earthy  ores  for  which  no  remedy  is  yet  known. 

SAo^  to  tome  views  recently  set  fortb,  t^rogm  is  one  of  the  essential  con- 
I  tt  iteel;  bat  this  waots  con&nnatjoa. 

.  2k 


1 


%?bidi  is  a  oomponnd  of  ir 
with  a  amaU  qoantitj 
plumbago. 

The  ore  is  often  rotutt 
order  to  expel  carbonic  ac 

The  proportions  of  ore, 
Bucc<?s8  of  the  operation  of 
iion&     The  iliix  is  genen 
acid  is  expelled   by  the 
combines  with  the  silica 
contains  carbonate  of  lin 
either  lime  or  silica  ia  prea 
in  excoss  fortos  a  ghsaj  oo 
off  nmongst  the  slag,  so 
another  juirt  of  that  eart 
M'ith  the  iron  and  makin, 
jjreceding  article;  so  that 
qtmutity  and  l>est  qoalitj 

Sredienta  of  the  entire  cbi 
ofiuite  proi>ortionfl,  which 
careful  experiment. 

The  total  quantity  of  c« 
cent  of  its  weight. 

Different  kinds  of  pig  m 
same  furimco  under  diffure 
niiiiiititv  ..f  fnol         i^_klirL-j 


QUALITIES  Ain>  STEENOTH  OP  CAST  IRON. 

I  on  the  propoitionfl  of  that  airbon  wliich  are  rcapectivcly 
editions  of  mechanical  mixture  and  of  clieniicai  combU 
with  tho  iron.  Thus,  grey  cast  iron  contains  one  per  cent, 
netimes  less^  of  carbon  in  chemicid  combination  witli  the 
;d  from  OM  to  three  or  four  per  ctnt.  of  carbon  in  the  state 
ibago  in  medianical  mixture;  while  white  cast  iron  is  a 
aeous  chemical  compound  of  iron  with  from  2  to  4  per  cent. 
jn.  Of  the  different  kinds  of  grey  cast  ii*on,  No.  1  con- 
16  greatest  propoition  of  plumbago,  No.  2  the  next,  and 

Pttre  two  kinds  of  white  cast  iron,  tlie  ffranular  and  the 
me.  The  granular  kind  can  be  converted  into  grey- 
on  by  fvwion  and  slow  cooling;  and  grey  cast  iroa 
converted  into  granular  white  cast  iron  by  fusion  and 
oooUng.  This  takes  phtco  most  readily  in  the  best  iroiL 
line  white  cast  iron  is  harder  and  more  brittle  than 
r,  and  is  not  capable  of  convemon  into  grey  cast  iron  by 
ind  slow  cooling.  It  ia  said  tu  contain  moru  carbon  than 
r  white  cast  iron ;  but  the  exact  difference  in  their  chemical 
ition  is  not  yet  known. 

cast  iron,  No.  1,  is  the  most  easily  fasible,  and  produces 
isb  and  most  accurate  castings ;  but  it  is  deficient  in  hard- 
id  strength;  and,  therefore,  although  it  is  the  best  for 
I  of  moderate  size,  in  which  aocm-acy  is  of  more  importance 
rength,  it  is  inferior  to  the  iiarder  and  stronger  kiixds,  No. 
^^0.  3,  for  large  structures. 

MraMtdi  of  Cast  irvn. — Something  has  been  already  stated 
16  comparative  strength  of  diiierent  kinds  of  cast  iron.  It 
i  laid  down  as  a  general  principle,  thut  the  pi-esence  of 
go  renders  iron  conii>anitively  weak  and  pliable,  so  that  the 
r  strength  among  different  kinds  of  cast  iron  from  the  same 
fuel  is  as  follows : — 


h 


Granular  white  cast  iron. 
Grey  cast  iron,  No.  3. 
„        No.  2. 
No.  1. 


le  white  cast  iron  is  not  introduced  into  this  clasaifi- 
becauitc  its  extreme  btittleness  makes  it  tmfit  for  use  in 
iring  structures. 

olar  white  cast  iron  also,  although  stronger  and  harder 
rey  cast  iron,  is  too  brittle  to  be  a  safe  matca'ial  for  the 
mass  of  any  girder,  or  other  lai-ge  piece  of  a  structure;  but 
td  to  form  a  hard  and  impenetrable  akin  to  a  piece  of  grey 
a  by  tiio  jtrocess  called  chilling.    This  con^^islH  vu\\mi\Tj^\3to» 
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portion  of  tbe  mould  where  a  hardened  surface  is  rt^jm 
auitably  e]ia])cd  pieces  of  iron.  The  melted  metal,  on  b«-ing 
cooled  and  Boliditied  suddenly  where  it  touches  the  cold 
for  a  certfiin  depth  from  the  cliilled  surfuce,  varying  6\ 
^th  t«  }^  inch  in  different  kinds  of  iron,  it  tiikes  the  white 
condition,  while  the  remainder  of  tlie  ca£titig  takes  the 
dition. 

Even  in  castings  which  are  not  chilled  by  an  i- "  '■"' 
mould,  the  outermost  layer,  being  coolecl  more  i 
interior,  appronches  more  nearly  to  the  white  coii-i  .i  u  - 
a  skin  harder  and  stronger  than  the  rest  of  the  ca-stitij. 

The  best  kinda  of  cast  iron  for  large  structujv.s  ;m^  > 
No.  3;  because,  being  stronger  than  No.  1,  and  s<itlt-T  a 
flexible  tlian  white  cast  iron,  they  cf>mbiue  strength  and  | 
in  the  manner  which  is  best  suited  for  safely  bearing  k 
are  in  motion. 

As  to  the  comparative  strength  of  irons  melted  by  the  o 
and  by  the  hot  blast,  it  appears  fi-om  the  experiment) 
Fairbairn  and  Mr.  Hodgkinson,  that  with  the  same  kinii  o 
fuel,  No.  I  cold  blast  is  in  general  superior  to  No.  1  hot  W 
No.  2  hot  and  cold  blast  are  about  equally  good  ;  No.  3  b"l 
in  jjenerdl  superior  to  No.  3  cold  blast;  and  the  aveiaga 
of  the  iron  on  the  whole  is  nearly  the  same  with  the  hot 
the  cold  blast. 

A  strong  kind  of  cast  iron  called  tougliened  cnsl  tnti. 
duced  by  the  proce.ss,  invented  by  Mr.  Morries  Si  • 

to  the  cast  iron,  and  melting  amongst  it,  from  o:.^ 

Beventh  of  its  weight  of  wixjught  ii-on  scmp. 

The  manner  in  which  the  strength  of  caat  iron  depowl 
absence  of  impurities  from  tlie  ore  and  fuel  has  thm 
mentioned  in  Article  351,  p.  497, 

Various  mixtures  of  different  qualities  of  iron  have  be« 
wended  by  different  engineers  as  materials  for  large  castilH 
this  point  see  the  /Report  on  the  Application  of  Iron  it  • 
Structures,  p.  265.)  For  example,  Mr.  Fairbairn  reoomnM 
following  combination : — 

Lowraoor,  No.  3, 3op«rj 

Blaina,  or  Yorkshire,  No.  2 35 

S]iroj)8hire,  or  Derbyshire,  No.  3, 35 

Good  old  malleable  scrap,  20 

Too 

Sir  Charles   Fox   recommended  a  oombinatiou 
Welsli  cold  \AASti  xtou,  mA  w)L»-\kvt<l  Scotch  hot 
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p  teing  manufacturetl  from  equal  proportions  of  black-band 
izeinatiU)  ores.  But  both  these  and  other  euginwr^  agree<l  in 
deriug  that  tho  beat  course  for  an  engineer  to  tiiko  in  order  to 
u  iron  of  a  certain  strength  for  a  pi*oposeil  stnioture  whs,  not 
►ecify  to  the  founder  any  fnirticuJur  inLxture,  but  to  specify  a 
in  minimuui  strength  which  the  iron  should  exert  when  tested 
cperiment. 
le  strength  of  cast  iron  to  resist  cross  breaking  was  found  by 

Fairbaim  to  be  increased  by  repeated  mddnijs  up  to  tho 
W,  when  it  was  grcjiter  than  at  the  first  in  tin;  ratio  of  7  to  5 
ly.  After  the  twelfth  melting  that  sort  of  strength  nipidly  fell  off. 
ho  resistance  to  crushing  went  on  increasiug  alter  each  ssucces- 

melting ;  and  after  the  eiglUeenth  melting  it  was  double  of  its 
tnal  amount,   the  iron  becoming  silrery  white  and  intensely 

le  transverse  strength  of  No.  3  cast  iron  was  found  by  Mr. 
.'hoiru  not  to  be  diminished  by  raising  its  temperature  to  600'* 
X.  (being  about  the  terap<?rature  of  melting  lead).  At  a  i*ed 
b  ita  strength  ft-ll  to  two-thirda. 

"he  strength  of  cast  irt>n  of  every  kind  is  marked  by  two  pro- 
acs ;  the  snmllness  4:if  the  tenacity  as  compared  with  the  resist- 
a  to  crushing,  and  tho  different  vuluos  of  the  moiluius  of 
tore  of  the  same  kind  of  iron  in  Imrs  torn  dixx-ctly  asunder,  and 
)eams  of  different  forms  wb^n  broken  acro8^4.  These  circum- 
icts  have  already  been  rcfei-red  to  in  Article  157,  p.  235, 
icle  104,  pp.  23i3  to  258,  and  Article  160,  p.  201.  Tho 
ations  in  the  modulus  of  rapture  for  beams  of  different  figures 
e  in  all  probability  from  tho  gi'catcr  tenacity  of  the  skin  as 
pared  with  the  interior  of  the  casting;  for  an  experiment  on  a 

torn  directly  asunder  shows  tho  lea.st  tenacity  of  its  internal 
ncles;  while  experiments  on  l>eama  broken  across  show  the 
icity  of  some  layer  which  is  nearer  to  or  further  from  the  skin 
irding  ti>  the  form  of  cross-section. 

ntense  cold  makes  cast  iron  brittle;  and  sudden  changes  of 
r>eratiu"e  sometimes  cause  large  pieces  of  it  to  split. 
he  proof  strength  of  cast  ux)d  has   been  shown  to  be  about 
third  of  the  hreaJiing  loud,  by  exjveriments  alrently  mentioned  in 

note  to  p.  221.     The  usuaX  Juctor  of  safety  iov  the  working 

on  railway  structures  of  cast  iron  is  six.     {See  Article  143, 
22.) 
u  addition  to  the  data  in  the  tables  at  the  end  of  the  volume, 

following  table  gives  results  as  to  the  strength  nf  «wt  iron, 
«cted  and  condensed  from  the  experiments  of  Mr.  Fairbaim 

Mr.  Hodgkinson.    All  the  co-etficieata  are  iix  Iba.  ou.  "Ooa 
'  ineh. 


I 


w^aci 


ix«  ^H 
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cast  iron.     The  process  of  direct  reduction  is  applicaW 
pure  ores  only;  and  it  leaves  a  slag  or  "cinder"  w 
large  proportion  of  oxide  of  iron,  and  yields  pig  iron  b 
The  most  economical  and  generally  applicable  prtxiesa 
removing  the  foreign  constituents   from  pig   iron;  an 
purpose  white  pig  iron  (called  "forge  pig")  is  usu; 
partly  because  it  retains  less  carbon  on  the  whole  than 
and  partly  because  it  is  unfit  for  making  castings.     TF 
process  are  very  much  varied ;  but  the  most  impoi 
its  operation  always  is  to  bring  the  pig  iron  in  a  m< 
close  contact  with  a  quantity  of  air  sufficient  t*}  oxida 
carbon  and   silicon.      The   carbon   eacajies  in   carbouio 
carbonic  acid  gas;  the  silica  produced  by  the    oxidatL 
silicon  combines  partly  with  protoxide  of  iron    and  f 
lime  (which  ia  sometimes  introduced  as  a  flux  for  it), 
slag  or  "  cinder."      Chloride  of  sodium  (common  salt) 
remove  sulphur  and  phosphorus.     In  one  form  uf  the  i 
is  accomplished  by  injecting  jets  of  steam  amongst  i 
iron ;  the  oxygen  of  the  steam  assists   in  oxidating  i 
and   .silicon,   and  the   hydrogen  combines  with  the    si: 
phosphorus.     The  surest  method,  however,  of  obtainin, 
from  the  weakening  eflects  of  sulphur  and  phosplutxnis  is 
ores  and  fuel  that  do  not  contain  those  constituenta. 

The  most  common  form  of  the  process  of  making  ma] 
is  jnuldiing,  in  which  the  pig  iron  is  melted  in  a  jx" 
furnace,  and  is  brought  into  close  contact  with  the  air 
it  with  a  rnko  or  "  i-abble."     Some  iron  makers  precede 
of  puddling  by  that  of  "refining,"  in   which   the  pijf 
melted  state,  has  a  blast  of  air  blown  over  its  siirface.    Th 
part  of  the  carbon,  and  leaves  a  white  ciystalHne  com[M^ 
and  carbon  called  "  refiners'  metal."     Others  omit  the 
at  ouco   puddle  the  pig  iron;  this  is  called  "■pig  loili 
removal  of  the  carbon  is  indicatetl  by  the  thickening  of 
iron,  malleable  iron  requiring  a  higher  tempfi-ature  for 
than   cast  ii-on.     It  is  formed  into  a  lump   cillvd  a 
"  bloom,"  taken  out  of  the  furnace,  and  p]ace<l  tmder  a 
or  in  a  stiitablti  squeezing  machine,  to  be  "ahingUtl;^ 
have   the  cinder   forced   oat,  and  the   particles  of 
together  by  blows  or  pressure. 

'I'hc  bloom  ia  then  passed  between  rollers,  and 
lie  bar  is  cut  into  short  lengths,  which  are 
id,  and  rolled  again  into  one  bar;  and  this 
'I-  iron  has  become  sufficiently  compact  aud 
;  s  Btmcture. 

lii  Mr.  BcssemeT'B\reocRBa,^ft  Ttt«\\*i^'^\<;8»wwi»"W'« 
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|to  a  suitable  vessel,  Ims  jets  of  air  blown  through  it  by  a  blowing  , 
:hioe.  The  oxygen  of  the  air  combines  with  the  siJicun  and 
carbon  of  tlie  pig  iron,  and  in  so  doing  produces  enougli  of  heat  to 
keep  tho  iron  in  a  melted  sU\te  till  it  is  brought  to  the  mall' 
condition ;  it  is  then  run  int<i  large  ingots,  which  are  hnra 
i  rolled  in  the  usual  way.  This  process  has  been  most  su 
when  applied  to  pig  iron  that  is  free  from  sulphur  and 
lonis,  such  as  that  of  Sweden  and  Nova  Scotia. 
Strength  and  toughness  in  bar  iron  are  indicated  by  a  fine,  close, 
and  uniform  fibrous  structure,  free  from  all  iipj>earance  of  crj-stal- 
Imtion,  with  a  clear  bluish-grey  colour  and  silky  lustre  on  a  torn 
surface  where  the  fibres  are  shown. 

Pfaie  iron  of  the  best  kind  consists  of  alternate  layers  of  fibres 
crossing  each  other,  and  ought  to  be  nearly  of  the  same  tenacity  in 
all  directions. 

Malleable  iron  is  distingui-shed  by  the  property  of  wdding :  two 
pieces,  if  i"aise<l  nearly  to  a  white  heat  and  pressed  or  hammered 
firmly  together,  adhering  so  as  to  form  one  piece.  In  all  operations 
of  rolling  or  forging  iron  of  which  welding  forma  a  part,  it  13 
essential  that  the  sxirfaces  to  be  welded  should  be  binught  into 
close  contact,  and  should  be  perfectly  clean  and  free  from  oxide  of 
iron,  cinder,  and  all  foreign  matter. 

In  all  cases  in  which  several  bars  are  to  be  fagotted  or  rolled 
iuto  one  attention  shoidd  be  paid  to  the  manner  in  which  they 
**  piUd"  or  built  together,  so  that  the  pressure  exerted  by 
hammer  or  the  rollers  may  be  transmitted  through  the  whole 
If  this  be  neglected,  the  finished  bar  or  other  piece  may  show  flaws 
marking  the  divisions  between  the  bars  of  tlie  pile  (aa  is  often 
exemplified  in  rails). 

Wrought  iron,  although  it  is  at  first  made  more  compact  and 
strong  by  reheating  and  hammering,  or  otherwise  working  it,  soon 
reaches  a  state  of  maximum  strength,  after  which  all  reheating  and 
working  rapidly  makes  it  weaker  (as  will  afterwarfk  be  shown  by 
examples).  Good  bar  iron  has  in  general  attained  its  maximum 
strength;  and  therefore,  in  all  operations  of  forging  it,  whether  on 
a  great  or  small  scale,  by  the  steam-hammer  or  by  that  in  the 
hand  of  the  blacksmith,  the  desired  size  and  figure  ought  to  ba- 
given  with  the  least  possible  amount  of  reheating  and  working. 

It  is  still  a  matter  of  dispute  to  what  extent  and  imder  what 
dnnunstances  wrought  iron  loses  its  fibrous  structure  and  tough- 
ness, and  becomes  crystalline  and  brittle.  By  some  authorities  ife 
is  asserted  that  all  shocks  and  vibrations  tend  to  produce  that 
ehange-j  others  maintain  that  only  sliarp  shocks  and  vibrations  do 
BO ;  and  others,  that  no  such  change  takes  place  ;  but  tliAt  tlvvi  «acttv!i 
piece  oSiron  which  shows  &  fibrous  fracture,  i£  gru'lvisi.W's  XixoVeu." 
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a  steadv  load,  "will  show  a  crystalliDe  fracture,  if  sai 
bv  n.  sharp  blow.     The  author  of  this  work  at  one 
collection  of  several  journals  of  railway  carriage  aslc 
runnino^  for  two  or  three  years,  had  broken  spont 
gmdual  creeping  inwartla  of  an  invisible  crack  at  the  shot 
fractui-e  of  every  one  of  these  was  wholly  or  almost  wl 
while  other  axles  from  the  same  works,  when 
haniraer,  showed  some  a  fibi-ons  and  others  a  crystalM 
It  is  certain,  at  all  events,  that  ii-on  ought  to  be  as  littlo  i 
exposed  to  sharp  blows  and  rattling  vibrations. 

It  la  of  great  importance  to  the  strength  of  all  {ne 
iron  that  the  continuity  ofOieJihres  near  the  snrface  she 
little  interrupted  as  possible;  in  other  words,  tijat  the 
the  surface   should  lie  in  layers  parallel   to   the 
principle  is  illustrated  by  the  results  of  some  exporii 
the  author  of  this  work  on  the  fracture  of  axles.     ~ 
wrought  iron  railway  carnage  axles,  one  rolled,  tlio 
with  the  hammer,  of  four  inches  in  diameter,  wero] 
<.>f  journals  of  two  inches  in  diameter  were  formed 
^CAch   axle,  one  journal   being  reduced   to  the 
••«tirely  by  turning,  so  that  the  fibres  at  the  shoulder  ( 
the  surface,  and  the  other  as  far  as  possible  by  for 

hammer,  only  one-sixteenth  of  an  inch  being  tni      

lathe  to  make  it  smooth,  so  that  the  fibres  at  the  shonlde 
the  surface  almost  exactly.  All  the  journals  were  then 
blows  with  a  16  lb.  hammer;  when  those  whoee 

Bn  reduced  by  turning  broke  off  with  the  firnt 
those  ■which  had  been  drawn  down  by  forging,  that  of 
axle  broke  off  with  the^/?A  blow,  that  of  the  hammorcd  I 
the  61*7^4.     {Proceedings  of  the  InsL  ofCivU  EnginttrM^  \{ 

Another  important  principle  in  designing  pieces  of 
which  are  to  sustain  shocks  and  -xnbmtions,  is  to  arotiil 
as  possible  abrupt  variations  of  dimensions  and  at 
cs])eciaUy  those  with  re-entering  angles;  for  at  the 
such   abrupt  variations  and   angles   occur   fract 
commence.     K  two  parts  of  a  shaft,  for  example, 
exposed  to  shocks  and  viVjrations^  are  to  be  of  diSiiTRiit 
they  should  he  connected  by  means  of  curved  surfaoea^ 
.'hange  of  tliickncss  may  take  ])lace  grailnally,  and 
entering  angles. 

3d6.    Slrcl  nnd  Sfmir  Irwa. Stecl,  til'  '         of  tfat? 

the  strongest  of  known  substanoos,  is  a  >  •  i  -if  Lnm  ' 


*  Pntl-^txisil  dmM\t\cs  <i\  "OoA  trwA«N2l  variaok^  «meil  of  thai  i 
I  of  the  l(uft\Ui^ii  of  0.'«VL'E»t^auR(v 
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0'5  to  1'5  per  cent  of  its  wciglit  of  carbon.  These,  according 
most  authorities,  are  the  only  essential  constituents  of  steel.  (I 
Article  350,  p.  197.) 

Tlie  term  "  etedy  iron,**  or  "  aemi-steel,"  may  be  applied  to  com-| 
jwunds  of  iron  with  less  than  0'5  per  cent  of  carbon.  They  am) 
intormediate  in  hardness  and  other  properties  between  steel  anifl 
malleable  ii-on.  | 

In  general,  such  comjx)unds  are  the  harder  and  the  stronger,  an^] 
^also  the  more  easily  fusible,  the  more  cnrbon  they  contain;  tho; 
^  inds  which  contain  less  carbon,  though  weaker,  ure  more  easil; 

folded  and  forged,  and  from  their  greater  pliability  are  the  fi 
for  structures  that  are  exposed  to  shocka 

Impurities  of  different  kinds  afiect  steel  injuriously  in  the  sami 
■wny  with  iron.     (See  Article  351,  p.  497.) 

There  are  certain  foreign  substances  which  have  a  beneficial  eifeol 
on  steel.  One  2,000th  part  of  its  weight  of  silicon  causes  steel  td 
cool  and  solidify  without  bubbling  or  agitation ;  but  a  larger  pro* 
portion  is  not  to  be  used,  as  it  would  make  the  steel  brittle.  The 
presence  of  manganese  in  the  iron,  or  its  introduction  into  tha 
crucible  or  vessel  in  which  steel  is  made,  improves  the  steel  bjr 
fccr<?nsing  its  toughness  and  making  it  easier  to  weld  and  forge  j 
l)ut  whether  the  manganese  remains  in  combination  with  the  iron, 
mxd  carbon  in  the  steel,  or  whether  it  pn>duoes  its  effects  by  itfli 
iemporary  presence  only,  is  not  known  ivith  certainty. 

Steel  is  distinguit^hod  by  the  property  of  tempering;  that  is  to 
«ay,  it  can  be  hardened  by  sudden  cooling  from  a  high  temperatureJ 
ami  softened  by  gradual  cooling;  and  its  degree  of  hardness  or  Bofb* 
ness  can  be  rcgulivted  with  precision  by  suitably  fixing  that  temper- 
Ature,  Tlie  ordinary  practice  is,  to  bring  all  articles  of  steel  to  % 
high  degree  of  hardness  by  sudden  cooling,  and  then  to  soften  themj 
more  or  less  by  raising  them  to  a  temperature  which  is  the  higher 
the  softer  the  articles  are  to  be  made,  and  lotting  them  cool  very 
gradually.  The  elevation  of  temperature  pre\iou3  to  the  "  anneal-^^ 
ing"  or  gradual  cooling  is  pi-oduced  by  plunging  the  articles  into  Aj 
bath  of  a  fusible  metallic  alloy.  The  temperature  of  the  bath, 
ningcs  from  430°  to  560*"  Fahr. 

It  is  supposed  that  hani  steel  is  analogous  to  granular  white  ca.<Tfe 
iron,  being  a  homogeneous  chemical  compound  of  iixjn  and  carbon; 
that  soft  steel  is  analogous  to  grey  cast  iron,  and  is  a  mixture  of  »; 
carburet  of  iron  containing  less  carbon  than  hard  steel  with 
another  carburet  containing  more  carbon;  and  that  alow  cooling 
fiivours  the  separation  of  those  two  carburets. 

Steel  is  made  by  various  processes,  which  have  of  late  become 

numerous.     They  may  all  be  classed  under  t'wo  VveaAa,  vvu^ 

carbon  to  malleable  iron,  and  abstxactin^  caK^og^Jsg^ 


^^^^^K 

■ 

I.  BlisUfT  Sted  is  mn«HH| 

cnnsbts  in  imbedding  ^A>fl 
niaaufaotm-t'J  Viy  cliarccxu 
cliarcual,  and  sulijecting  Ul 
aturt'.     Eiich  bar  absorbs  en 
into  steel,  while  the  interioi 
steel  and  iron.     C'cmpntati 
the  Burfaco  of  the  iron  to  ii 
a  high   tetnpemture.     Ceni 
surfaces  of  articles  of  mall 
or  coating  of  steel,  and  ia  oa 

II.  Shear  Steel  is  made 
Jengfths,  making  them  into 
nt  a  WL-lding  heat,  and  rape 
til  nniforuiity  of  comiKJsitior 
n.Hcd  for  various  tools  and  ci 

III.  Cn^l  Sl*d  is  made 
crucible,  along  with  a  small 
in  the  form  of  coal  tnr)  ai 
most  uniform,  and  strongest 
impleraenta. 

Another  process  for  mukij 
temperature   than    the  prec 
malleable  iron   with  manga 
carbon  required  in  order  t< 
OM  to  bardaeas  is  regulated  h 
^^^^^         ricnii-steel,  or  steely  iron,  m 
^^^^H        small  pn^portion  of  carV>on  c 
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into  lar^o.  Logots,  whicli  are  hammered  and  rolled  Like  blooms  of 
wrouglit  iron. 

V.  Puddled  Sted  ia  made  by  puddliug  pig  iron  (Article  355, 
p.  504),  and  stopping  tlie  process  at  the  instant  when  tho  proper 
quantity  of  carbon  remaiiis.  The-  bloom  is  shingled  and  rolled  like 
bar  iron. 

VI.  GranuUUed  Sted  (the  invention  of  Captain  TJchatius)  is 
made  by  running  melted  pig  iron  into  a  cLstcrn  of  water,  over  a 
■wheel,  ■which  dashes  it  about  so  that  it  is  fownd  at  the  bottom  of  1 
tic  cistern  in  the  form  of  grains  or  lumps  of  the  size  of  a  hazel  nut, 
or  thereabouts.  These  are  imbedded  in  pulverized  hajuiatite,  or 
sparry  iron  ore,  and  exposed  to  a  Iieat  sufficient  to  cau-so  part  of 
the  oxygen  of  the  ore  to  combino  with  and  extract  the  carboa 
fi-om  the  Buperficia!  layer  of  each  of  the  lumps  of  iron, 
which  is  reduced  to  the  condition  of  midleable  iron  at  the  su 
while  its  heart  continues  in  the  state  of  cast  iron.  A  small  ad 
ditional  quantity  of  malleable  ii"on  ia  produced  by  the  reduction 
of  the  ore.  These  ingredients  being  melted  together,  produce 
Steel. 

There  are  other  processes  for  making  steel  and  steely  iron  of 
which  the  details  are  not  yet  publicly  kno'wTi. 

357.    Htrenctb   of  WrouKbl  Iran  mid  BiceL — Wrought    iron,    like 

fibrous  substances  in  general,  is  more  tenacious  aloug  than  across 
the   fibres  j    and    its    tenacity   is  greater  than   its   resistance   to 
crushing.     The  effect   of  the  latter  diflerence  on  the  best  form.s  ! 
of  cross-section  for  beams  has  already  been  considered  in  Article 
164,  pp.  256  to  259,  and  ■will  be  further  illustrated  in  the  sequcL 

The  ductility  of  wrought  iixui  often  causes  it  to  yield  by 
degrees  to  a  load,  so  that  it  is  diificult  to  determine  its  strength 
with  precision. 

Wrought  iron  has  iis  longitudinal  tenacity  considerably  in- 
creased by  rolling  and  ■wire-drawing ;  so  that  the  smaller  sizes  of 
bars  are  on  the  whole  more  tenacious  than  the  lai-ger;  and  iron  ■wire 
is  more  tenacious  still,  as  the  figures  in  the  table  of  tenacity  at  the 
end  of  the  volume  show. 

Wrought  iron  ia  ■weakened  by  too  frequent  reheating  and  forging; 
to  that  even  in  the  best  of  large  forgings,  the  tenacity  is  only 
about  lhre«-fourtha  of  that  of  the  bars  from  which  the  forgings  were 
made,  and  sometimes  even  less. 

As  to  the  effect  of  heat  on  the  strength  of  wrought  iron,  it  has 
been  shown  hy  Blr.  Fairbaim  (^Useful  In/ormation  Jbr  Engineers^ 
second  series) : — 

I.  That  the  tenacity  of  ordinaiy  boiler  plate  is  not  appreciably 
diminished  at  a  temperature  of  3^5°  Fahr.,  but  that  at  a  dull  red 
heat  it  is  diminished  to  about  three-fourtha. 


J 
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IL  That  the  tenacity  of  good  rivd  iron  increases  witii  elBntiiB 
of  temperature  up  to  about  320°  Fahr.,  at  which  point  it  iiibixi 
one-third  greater  than,  at  ordinaiy  atmoqtheric  temperatant;  ai 
that  it  then  diminiaheB,  and  at  a  red  heat  is  redoced  to  little  nan 
than  one-half  of  its  value  at  ordinaiy  atmospheric  temperatum 

The  resistance  of  iron  rivets  to  shearing  is  nearly  the  same  ■wiA 
the  tenacity  of  the  best  boiler  platea 

As  to  the  strength  of  -wrought  iron  to  resist  crushing  m 
Article  157,  p.  237. 

Numerous  expetiments  have  been  made  on  the  tenacily  of  itsi; 
but  its  other  kinds  of  strength  have  been  very  little  investig^ 
Its  tenaciiy,  like  that  of  bar  iron,  is  incieased  by  rolling  and  'O^ 
drairing. 

The  experiments  already  quoted  in  the  note  to  Artide  lijl 
p.  221,  have  shown  that  the  proof  Ortngtk  of  wrought  ina  '* 
almost  exactly  ona-third  of  the  brealung  load. 

The  tables  at  the  end  of  the  volume  give  only  average  or  extxcM 
results  as  to  the  strength  of  wrought  iron  and  steel;  and  therefoii 
tlie  following  tables  are  here  annexed,  in  which  more  detub  ai* 
given,  but  still  in  a  very  condensed  form,  chiedy  on  Uka  authod^ 
of  Mr.  Fairbaim,  Mr.  Hodgkinson,  and  Messrs.  H.  Napier  ai 
Sons.    (See  also  Asbkitda,  p.  xvi.) 

Table  of  the  Tenacitt  of  "Wbouoht  Iron  ajto  Stesl 

■na,u^r,ttr.r,  ^f  Tiff.f-rf.i  TBMcity  ill  Um.  pBT  Squra  Inch.     JJlSmi» 

DescripUon  of  Material  Len/hwiae.        ^rn'm.         £xt«te 

Malleable  Isok. 

Wire — Average, 86,ooo  T. 

Wire— Weak, 71,000  Mo. 

Yorkshire  (Lowmoor),...  64,200  F.    52,490  F. 

„                       from  66,390  )  jj.                          ( o-w 

to  60,075/  ■                         {0-26 
Yorkshire  (Lowmoor) ) 

and      Staffunlshire  >  59,740  F.                          o'2too'25 

rivet  iron, j 

Cliarcoal  bar, 63,620  F.                            o-a 

Staffordshire  bar,...  from  62,231)^  J '302 

_         .                       to  56,715/  \'i96 

Yorkshire  bridge  iron,...  49,930  F.    43,940  F.        "04;^ 

Staffordshire  bridge  iron,  47,600  F.    44,385            ^04;^ 

lAnarkshire  bar,...  from  64,795] 


A^-         {;§ 
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Table — cmilinued. 


Dweription  of  Hiterkl. 
I<aiicashire  bar, ....  from     60, no 


Tenacity  in  Iba.  per  Sqtun  Indu     Ultimata 
Leoglhwiae.  CroaswiM.        Extensioik 


to 


53,775  J      ■ 
48,933  I  iq- 

59,096  ]     JX 

49,564  j 


Swedbh  bar, from 

to 

Russian  bar, from 

to 
Bushelled   iron    fit)m  ) 

turnings, j 

Hammered  scrap 53>430 

Angle-iron  from  ^  from     61,260 
various  districts,  I       to 
Sti-ajjs  from  vari-  i  from 
OU3  districts,...  |       to 
Bessemer  s  iron,   cast ) 

ingot, j 

Beasemer'd  iron,  ham-  | 

raered  or  rolled,  ....  | 

Eessemer's  iron,  boiler  \ 

plate, J 

Yorkshire  plates,...  from 
to 


55,878     K 

\  N 
50,056  J 

55'?37  \  Ts, 


(169 

\    2X6 

(•264 
1-278 

/•I53 

1133 
•166 
•348 

f -108 
1-048 


4 


41,386  / 
41,242    W. 

72,643    w. 

68,319    w. 

58,487 1 1^-  55,033  In/  *^°9j  "OS 

52,000/      '46,221)       •    [-lyo;-!! 
Staffordshire  plates,  from    56,996  )  j^  5^,251  |  ^    / '04;    ■' 
to     46,404/        44.764/     "1-13;    • 
45,010      F.  41,420      F.      -05;    -045 


Staffordshire     plates,  ) 

best- best,   charcoal,  / 

Staffordshire  )  from 

plates,  best-best,  J       to 

Staffordshire  plates, beat, 

Staffordshire      plates, ) 

common, j" 

Lancashire  plates, 48,865 


059 

3 
034 
059 


59,820 

49,945 
61,280 

50,820 


F.  54,820 
F.  46,470 
F.  53,820 

F.  52,825 
F.  45,015 


F. 
F. 
F. 

F. 

F. 


•05;    038 
•067;  -04 
•077;  -045 
'05;    '043 
■043;  '028 


Lanarkshire  plates,  from     53,849  )  -^j.   48,848  )  tjt    f  "033;  '014 
to     43,433)         39,544/      *   I- 


Durham  plates, 5i,>45      N.  46,713 

Sffixti  0/ lieftecUiny  and  FoUvtg. 

Puddled  bar,  43,904 

The    same    iron    five] 

timcspiled,  reheated  >      61,824 
and  rolled, )  \-  Q, 


093;  ^46 
•089;  '064 


The  same  iron  eleven  ] 
iimespihd,  rehe&ted  •■ 
And  rolled, j 


43,904 


012 
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Table — eontimted. 


Deaeri^n  of  MateriaL 

Strength  qf  Large  Forgings. 
Ban  cut  out  of)  from, 
laige  forging^  j      to 


TtoMdtj  in  Iba.  per  Sqaam  Indk    \Ma^ 
Lengthirbh  CnawiM 


47,582  )  jj   44,578 
43,759  )      '  36,824 


Bars  cut  out  of  large  )  ^         ■»• 

forgings, ../     33,600    M. 


I  -205;  i*i 


Steel  aitd  Steelt  Ibok.    (See  also  page  687.) 

Cast  steel  bars,  rol- )  from 

led  and  forged,  /      to 
Cast  steel  bars,  rolled 

and  forged, 

Blistered    steel    bars, 

rolled  and  forged, . . . 
Shear  steel  bars,  rolled 

and  forged, 

Beasemer's  steel  bars, 

rolled  and  forged, . . . 
Bessemer's  steel  bai-s, 

cast  ingots, 

Bessemer's  steel  bars, 

hammered  or  rolled, 
Spring  steel  bars,  ham* 

mered  or  rolled, 

Homogeneous     metal 

bars,  rolled, 

Homogeneous     metal 

bars,  rolled, 

Homogeneous     metal 

bars,  forged, 

Fuddled       steel    )  ^ 

bare,  roUed  and  V*"*™ 

forged, j 

Puddled    steel     bare, ) 

rolled  and  forged,,..  / 
Puddled    steel    bars,  ) 

rolled  and  forged,.,,  j 
Mushet's     gun-metal,.,. 
Cast  steel  plates,....  from 
to 


132,909  I  K 

92,015 ;  •"• 

■052 
•153 

130,000     R 

104,298     N. 

1097 

118,468     N. 

135 

111,460     N. 

«5S 

63,024    W. 

152,91a    w. 

72,529     N. 

•180 

90,647     K 

•137 

93,000     F. 

89,724     N. 

•119 

71,484)  «. 
62,768/  ■"• 

90,000     F. 

94,752    M. 

103,400     F. 
96,280 )  jjf 
75,594/     •< 

97,150  \  V 
59,08a/""- 

0-034    . 

Material 

I  plates,....  hard 

Usoft 
us  metal  1 
prst  quality,  ( 
^ous  metal  I 
fcoond  quality,  j 
t  Btccl  1      from 

I J  to 

neol  plates^ 


96,280  J  ^    97,150) 

72,408  j  73.580) 

102..^93  1  ic    85,365  ) 

7'.532 1  •67.686/ 

93,600  F. 


059;  '033 


N. 


f  -028; 
1  '0S2; 

0'125 


•013 
•057 


|rec<»tling  table  the  following  abbreviations  are  used  for 
||f  authorities : — 

F.,   Fairbaini;    H.,  Hodgkinsonj  M.,  Mnllet;  Mo., 
t»    Napier  «Sf   Sons;    R.,    Kennio;    T.,   TelfonJ;    W., 

Ill  headod  "  Ultimate  Extension"  gives  the  ratio  of  the 
jf  the  piece  at  the  instant  of  breaking  to  its  original 
I  furnishes  an  index  (but  a  somewhat  vague  one)  to  the 
the  metal,  and  its  consequent  safety  as  a  material  for 
jcka  The  vagueness  arises  from  the  fact,  that  the 
'  a  bar  just  befoi-e  breaking  consists  not  so  much  of  a 
each  jvarticlc  a.s  of  a  permanent  drawing  out,  with  a 
lent  of  the  imtticles ;  and  that  it  bears  no  fixed  pro- 
in  the  sann'  material,  to  the  original  length,  being 
py  greater  for  sbort  thau  for  long  bai-s.  It  is  probable 
ids  on  the  thickness  of  the  piece  as  well  as  on  its 

numbers  separated  by  a  semicolon  appear   in  tlie 

jbltimate  extension  (thus  *0fc>2;  "057),  the  tirst  denotes 

extension  lengthwise,  and  the  second  crosswise. 

iencv  «f  IiwB  uad  Steel. — In  order  to  obtain  an  exact 

the  capacity  of  a  materisd    for   resisting  shocks  by 

modvitu  of  da^iicity,  as  well  as  the  ttmucity,  must  bo 

then  the  modulus  0/ resilience  (whoso  nature  and  use 

ilained  in  Article   14i!l,  p.   227,  and  Article    173, 

computed  in   inch-jmunds  to  the  cubic  inch,  by 

o/tfu!  proof  tettociti/  by  the  modulus  of  elasticity. 

Ed  8t<:e],  the  proof  tenacity  may  be  estimated  at  one- 

\UlUn<Ue  tenacily. 

tmenta  wboat  txtreme  resatts  are  marked  U.  !»!««  «»4acll«^  ^« 
hr&Sona  by  Mr.  Kirkjildv.     For  deuWs,  Kb  TTanioclvoni  of 
fimeerf  m  Scotland,  1858-6  9  {  also  KirkaWy  On  the  StrCTgA  of  Irt 
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The   following  table  gives  some  examples  of  rae 
tiooa : — 

.,  -,  Ultimate       Prfxir  , 

Metal  csosn  Tessios.  t<-..^:»-     t...^i-.  "^ 

TeMcitj.     Tenacity.       jy^iair.   ] 

Cast  iron — Weak, I3>40o  4t4<l>7  i4,oco,c«J 

„           Average, 16.500  5,500  1; 

„          Strong, 29,000  9,667  sa. 

Bar  iron — Good  average,  60,000  20,000  39,000^ 

Plate  iron — Good  average,  50,000  16,667  a4«ooo,c 

Iron  Wire — Grood  average,  90,000  30,000  25,300,0 

Steel — Soft, 90,000  30,000  39,000,0 

„        Hard, 132,000  44,000  43,000,0 

To  oxpivss  the  power  of  resdatiTig  shocks  by  comp 
resistance  to  crushing  might  be  substituted  in  the 
for  the  tenacity;   but  owing  to  the  indinx^'t  luaunc 
fracture  bj  cnishing  takes   place,  the  n-snlt  wonld 
doubtful  accuracy. 

3o9.    Carr««l«n    and    PtviwrvaUon   of  tir^n. — On    thtf' 
Article  330,  p.  462,  where  some  of  the  Ix 
the  surface  of  iron  from  oxidation  have  aln 

Ca<!t  iron  will  often  last  for  a  long  time  without 
be  taken  not  to  injure  its  aldn,  which  is  usually  coated ' 
of  silicate  of  the  protoxide  of  iron,  produced  bjr  the 
saud  of  the  motild  on  the  iron.     Chilled  surtjiccs 
without  tlua  protection,  and  therefore  rust  more  raj 

The  corrosion  of  iron  is  more  rapid  when  jiartlyl 
diy  thnn  when  wholly  immersed  in  water  or  wholly 
the  air.     It  is  accelerated  by  impurities  in  wati.T,  and 
the  presence  of  ilecompoKing  organic  matter,  or  of  free 
also  accelerated  by  the  contact  of  the  iron  with  any  me 
electro-negative  relatively  to  the  iron,  or  in  other  vol 
affinity  for  oxygen,  or  with  the  rust  of  tho  iron  it 
portions  of  a  mass  of  iron  are  in  different  condiiiona,  | 
haa  less  affinity  for  oxygen  than  the  other,  tbt« 
former  makes  the  hitter  oxidate  more  rapidly.     In  1 
and  cryBtnlline  iron  is  less  oxidable  than  ductilo  1 

Cast  iron  and  steel  deoompose  rapidly  in  wann-j 
water. 

Piecw  of  iron  which  are  kept  constantly  in  « 
oxtdat«  loss  rapidly  tlian  those  w! 
rails  of  a  railway  on  which  a  con 
alowlv  tbau  thoBc  on  which  there  Lj  little  or  in»  tr 

(JSce  Malk-t  '*  <)n  the  CJorrosiion  of  Iron,"  in 
lislt  A  Mociotion  ior  \%^?k  «&!  VftAJ*.^ 
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SscnoH  n. — Oj  Iron  Faatcnings. 

60.  Blr«t«  are  made  of  the  most  tough  and  dnctile  iron.  ^See 
livet  Iron,"  in  the  preceding  tables  of  strength.)  In  order  that 
rivet  may  connect  two  or  more  laycra  of  platea  or  flat  bars 
tdy,  and  in  order  that  the  shearing  stress  brought  to  bear  on  the 
tot  by  a  force  tending  to  pull  the  plates  aHunder  may  be  xmiformly 
tributed  throughout  the  sectional  area  of  the  rivet,  it  is  essential 
It  the  rivet  should  tightly  fit  its  hole.  The  longitudinal  cora- 
IBsion  to  which  the  rivet  is  subjected  during  the  formation  of  its 
id,  whether  by  hand  or  by  uiiichinery,  tends  to  produco  that 
nit. 

the  onliuary  dimensions  of  rivets  in  practice  are  as  followa : — 
Viameter  of  a  I'ivei  for  plates    less    than  half  an   inch   thick, 
about  double  the  thickness  of  the  plate. 

Tor  plates  of  half  an  inch  thick  and  upwards,  about  ouce  oacf 

ii-half  the  thickness  of  the  plate. 
l,engUt  of  a  rivet  before  clenching,  measuring  from  the  head  =: 
sum  of  the  thickness  of  the  plates  to  be  connected  +  i,}  X 
diameter  of  the  rivet. 
Inasmuch  as  the  resistance  of  rivets  to  sheaiing  is  nearly  the 

.e  with  the  tenacity  of  good  ii"on  plates  (50,000  lbs.  per  sijuare 
ii,  or  thereabouts),  the  distance  apart  of  the  rivets  used  to 
meet  two  pieces  of  plate  iron  together  is  regulated  by  the  rule, 

Vihe  joint  sectional  area  of  0»  liMAi  ihM  be  equal  to  the  sectional 

^^pkite  It/t  afler  puncfdng  the  rivti  holes.     This  rule  leads  to 

following  algebi-aiciil  formula : — 

Let  t  denote  the  thickness  of  the  plate  iron, 
(I,  the  diameter  of  a  rivet, 
n,  the  number  of  rows  of  rivets, 

being  understood  that  the  rivets  which  form  a  row  stand  in  a  lino 

rpendicular  to  the  direction  of  the  tension  which  tends  to  pull 

plates  asunder. 

c,  the  distance  from  centre  to  centre  of  the  adjoining  rivets 

in  one  row ;  then 

-7854  nd^  . 

e=zd+  ^ (1.) 


I 


plate  is  weakened  by  the  rivet  holes  in  the  ratio 
c  —  (l  -7854  n  cl 


(2.) 


[n  "  single-rivetted  "  jointfii  n  =  1 ;  in  "  dott\»\e-Ti\ett«A''  yivDS«k| 
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le  projection  of  the  tbaread  ia  usually  one-hnlf  oj  the  pitcJt.;  an<l 
pitch  uhould  not  iu  general  be  greator  tliati  oneji/Ui  qf  t/td 
ite  diameter,  and  may  be  considerably  less. 
I  order  that  the  resistance  of  a  sci-ew  or  screw-bolt  to  rupture 
;ripping  the  thread  may  be  at  least  eijual  to  its  resistance  to 
rt  teai'ing  asunder,  the  length  of  the  nut  should  bo  (U  least  otie- 
of  the  eUectivu  diameter  of  the  screw  j  and  it  is  often  in 
dee  considerably  greater;  for  example,  once  and  a-half  that 
leter. 

io  head  of  a  bolt  is  usually  about  twice  the  diameter  of  the 
He,  and  of  a  thickness  which  is  uaually  greater  than  five- 
'ixs  of  that  diameter. 


Section  ITL — 0/  Iron  Ties,  Struts,  and  Beams. 

[3.  Fomia  of  lr«a  Bar*. — In  designing  ordinary  stnicturea  of 
ight  iron,  it  saves  tinio  and  exiienae  to  use  iron  bai-s  of  such 
8  of  cross-section  as  ai-e  usually  to  be  met  with  in  the  mar- 
The  variety  of  tho.so  foniis  continually  increases  with  the 
Uid  for  new  ahajies;  but  an  engineer  should  avoid  introducing 
Bectiou3  for  bars  into  his  designs,  except  when,  by  so  doing, 
)  important  purfioso  is  to  be  8er\'ed,  or  some  decided  advantage 
i  gained. 

mongstthcmost  common  forms  of  rolled  bars  are  the  following: — 
Dund  iron,  with  a  circular  ci-oss-section. 
[uare  iron,  with  a  square  cross-section. 

at  iron,  with  oblong  rectangular  ero.ss-sectiona  of  variouB 
forma. 

alf-round  and  convex  iron,  with  one  side  cylindrical  and  the 
other  Hat. 

ngle  iron,  with  cros-s-scctiona  shaped  Lke  au  L,  of  various 
breadths,  depth?,  and  thicknesses. 

•iron,  with  cross-sections  shaped  like  a  T,  with  a  table  or  ilange 
and  a  rib  of  various  dimensions. 

ouble  T-iron,  or  H-iron,  or  I-sliaped  iron,  with  a  web  and  two 
flanges,  of  various  dimensions.  The  most  common  I'orm  of 
railway  liars  Iwlongs  to  this  chiss. 

bannel  iron,  which  is  like  a  Hat  bar  with  flanges  projecting 
from  both  of  its  edges,  but  in  one  direction  only,  so  that  i£ 
laid  with  the  Ihit  bar  downwards  it  ia  like  a  trough  or  i-ect- 
nngulnr  channel. 

alb  iron,  which  is  like  a  flat  bar  with  a  cylindrical  thickening 
along  one  or  bvjth  edges, 
be  "  Bridge  Eail,"  fig.  229. 
be  "Barlow  Eail,"  tig.  23a 
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Fig.  2?0. 


Fig.  S30. 
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Bars  of  a,  cross-shaped  section  we  9oni<7timea 
figure  is  uafavoumble  to  soundness  of  the  iron ; 

form  of  «wction  is  reqt 
to  l)ni]<J  it.     Tn 
iiMii  ba^^ 
•witbont  gi  ■ 

ought  to   be  avoided,  Ul 
are  sj)ecial  reasons  for  ua8H| 
Angle  bars  and  plates  which  exceed  an  inch  in  thick 
seldom  so  sound  as  those  of  leas  thickness.     Whci'^ 
neases  are  required,  therefore,  it  is  in  general  ad 
them  by  building  small  thickneasea  together. 

3G4:.  Iron  Tie*  ought  in  almost  every  ease  to  be  of  malW 
as  it  lias  about  three  times  the  tenacity  of  cast  iron. 

A  tit>  may  consist  either  of  one  bar,  or  of  several  b«n 
side,  or  of  wires  lying  parallel  in  a  bundle  or  ■-— ••    -"^Oj 
may  be  in  one  length,  or  in  two  or  more  leu  l 
if  the  lengths  are  numerous  and  short,  they  bet 
whole  tie  a  oliain. 

I.  Plate  Iroii  Ties. — The  best  mode  of  joii:' 
plate  iion  tie  is  by  means  of  a  fish-joint  clr 
231  are  seen  t)i 
plutt?  iron  tio,  u  t 

thoy  are  conncxi.>Ai  \ty 
piece  or  covering  platt,  w 
rivettod   to    each   of    tht; 
principle.s  according  to  which  the  dimensions,  niinibr 
ment  of  the  rivets  are  to  be  determined  hii 
Article  3G0,  p.   515;  and  it  has  there  al»o  1 
extent  the  effective  scrtional  area  of  the  tie  is  di 
rivet  holes,  so  as  to  be  less  than  the  total  sectional  ansa. 

When  a  plate  iron  tie  is  built  of  scvenil  layers,  Uiey  dw 
joint  with  each  other;  and  at  each  joint  tlit-n'  KlionMk 
covDi-ing  plate  or  a  pair  of  coveiiug  plates,  to  t  'ill 

the  tension   which  belongs  to  the  layer  of  j -  _:  « 

joint  occurs. 

IL  Tic-rods  or  Tie-bars  may  be  round,  stiuare^  or  I 
be  made  fast  at  the  ends  by  pins  paHiiug  tiutMi|>h 
wedges  driven  into  oval  cyoa  or  slots,  or  by  eor^ws; 

SropHjrtions  of  thrse  fastenings  have  bei-a  ooi 
<il,  3G2,  pp.  516,  517.     Wedges  and  s<rivw8 
to  tighten  the  tie. 

When  nu  ei/e  is  formed  on  tho  end  of  a  ti^har, 
tuknt  that  the  sides  of  the  eye  are  of  gnffident 
tension  ia  not  •aniSoTTixi'y  ^is\flr\>v^^AA■\a^^3«xa,tao»M 
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ler  side  than  at  the  outer.     To  allow  for  this,  the  sectional 
be  made  one-half  greater  than  would  be  neceasary  if  the 
ion  were  iinifomily  distributed. 

IL  Compuund  Tie-hare  aud  Flai  Chains  are  made  of  lengths  or 

«ich  consistiug  of  flat  bars  plaocil  side  by  aide,  aud  connected 

&ther  by  niouus  of  eyes  and  pins,  as  iu  the  side  view,  fig.  23:2,  and 

fig.  232.*    W  bet  her  it  is  desired  to  give  stiffness  to  each 

^\'idual  bar  or  flexibility  to  the  whole  cliain,  the  bars  shoold  bo 

The  numbers  of  bars  iu  a  compound  link  are  odd  and 


ToTi 


I  nu 
Nl 


¥\r.  232. 


alternatelyi;  thixa,  in  the  figure,  the  links  A  and  O  consist  of 
numbers  of  l>aTs,  and  B  of  an  even  number.     The  dimemdona 
pin  arc  to  be  found  as  in  Article  3G1,  p.  51G,  taking  caro  to 
at  how  many  cross-sections  it  must  give  way  at  once  if  sheared 
for  the  stress  is  distributed  amongst  thobo  cross-sections. 
fig.  232*  they  arc  six  in  number.     As  to  the  eyes,  see  Divisioa 
of  this  Article  above. 
.  In  Ovad-linJcecl  Cliaijta  it  is  essential  to  strength  that  each 
should  be  prevented  from  collapsing  by  a  stay  or 
bar,  as  shown  iu  fig.  233,  when  it  appears  by  T 

eriment  that  the  tension  is  uniformly  distributed  ' 

the  cross-sections  of  the  two  sides  of  the  link, 
ien  the  stay  is  omitted,  the  strength  of  the  chaiu 
iucod  in  the  proportion  of 


85:  100,  or  nearly  G:  7. 

Elow,  On  tJiA  StfV)igth  of  Matericda,  Article  143.) 
.   Wire  Cables  are  sometimes  made  simply  of  a 
Ldrical  bundle  of  ])arallel  wires,  aerved  or  bound        pig.  283. 
^her  by  a  wire  wound  round  the  outside  of  the 
kdle.     In  consti-ucting  this  sort  of  tie,  ga-eat  care  is  necessary  in 
pr  to  distribute  the  tension  equally  amongst  the  wires.     The 
^on  is  equally  distributed,  without  any  special  cjirc,  in  unttmsted 

tropes  iu  which  the  wires  are  spun  into  strands,  and  the 
ds  into  ropes,  without  any  rotation  of  individual  vrires,  so  tlurt 
(  fibres  an?  all  untwisted,  and  all  equally  strained.  This  is  the 
kng«st  kind  of  iron  tie  for  its  weight;  its  tenacity,  of  about 
>er  square  inch  of  section,  being  equal  to  the  weight  of 
>f  its  own  length,  or  thereabouts. 


1 
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The  best,  and  perhaps  the  only  safe,  mode  of  making  fnti  Iht 
of  a  wire  rojw  is  to  luako  it  form  a  tnm  or  loop  muijci   ■ 
and  splice  it  into  itself:  this  is  tliu  only  fojiteniug  v. 
strong  as  the  rope. 

Wire  cables  require  special  care  to  protect  them  agniiut 
dation. 

VI.  Wdded  Ties. — Iran  ties  have  been  leagthened  by  saxh 
the  ends  of  the  two  pieces  together,  licutiug  tliem  to  a  weldiii;:  b 
by  a  gas  flame,  and  welding  them  togt-tljer  by  an  intense  pn.'«iiB 
I)ata  are  wanting  to  deteruiiue  procisL-ly  the  strength  of  thi.s  son 
joint.     In  an  cxiK-rinietit  ou  tlie  Viursting  of  a  cylindrical  plato  ir 
welded  retort,  the  tenacity  of  the  welded  joint  was  found  to  be 

30,7i30  lbs.  per  square  inch ; 

or  probably  about  3-5ths  of  the  tenacity  of  the  plate  iron 

VII.  In  proviwj  Iron   Ties,  thoy   may  safely  "be    hxided  v'd 
one-half  of   the    in-stjintaneous    brouking    load,    without    r\A 
jHTTnanent   injury,    the    testing   load   Ix-ing   only    8ip|»li««d   oui 
although  fi-cqiK'iit  application  of  the   same    load    avouKI   at  1 
break  the  \'k. 

3Gr*.  I'nat  Iron  Biruts  anil  I'illmnb — Cast  iron,  from  its  grtt 
resistance  to  cnuhing,  is  pcculjurly  well  suited  for  struts  an 
pillarH,  e3i>eeially  thoKO  of  ujodomte  length.  The  best  form  fat 
cast  ii"on  Btnit  or  pillur  containing  a  jjiven  qimutity  of  umU'rial 
that  of  a  hoHrtw  oyliiuUir.  The  laws  of  tiie  stn^ngth  of  such  fiilk 
have  already  been  fully  explained  in  Article  158,  pp.  230  and  SS 
The  thickness  of  metkl  in  them  is  seldom  less  than  oue-tweUUi 
the  diixnietcr. 

Another  form  of  crosa-section  commonly  adopted  for  cast  iffl 
struts  is  tliat  of  a  cross,  tig.  234.  Tlie  strength  of  such  struts  ai 
be  Computed  approximately  by  putting  for  the  co-elTlcii'ut  a  i 
equations  4  and  5  of  Article  158,  p.  237,  a  value  gre;vter  than  it 
value  for  a  hollow  cylinder,  in  the  same  j»rof)<>rtii 
as  a  cross-ahftjjpd  h&v  is  more  flexible  than  a  holloi 
cylindrical  tube  of  the  same  diameter  and  section 
area;  that  is  to  say,  in  the  proportion  of  3  Ut 
nearly. 

By  similar  reasoning,  it  api^ears  that  ia 
Lof  a  hollow  square  cast  in>n  strut,  whose  ditujonid  is  cq 
[diameter  of  the  cylinder,  the  co-efficient  a  is  to  be  iucp 
[rmtioofSto  2. 

Hence  we  ba^e  VJws  ioftiowva^  «^\,xci'»jxsv».\a  lona^vW 
ermkmg  load  oi  ^»i^  "^tou  9tem^v(i\Vi^T«  wjuo-t*  vwiv  «j 
area : — 
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Croas ;  diameter  from  end  to  end  of  a 
pair  of  anns  ^  A; 


I  80,000  -^ 


1  + 


3P 


S0OA2* 

3  P 
Hollow  square;  diagoiml  =  A; ^0,000  ^  I  +1^017x2*] 

P 


Hollow  cylinder;  diameter  ^  A; 60,000  -^  1  + 


800  A8^ 


The  preceding  formidre  refer  to  tlie  case  in  ■which  the  struts  nro 
ted  in  diivctiou  at  the  ends.     Wlien  tlw-y  are  Liuged  at  the  cuds, 
ifae  second  term  of  each  divisor  is  to  be  made  four  times  as  great 

In  order  to  give  lateral  stilfuefa  to  a  tiat-euded  pillar,  its  euda 
iboulil  spi-ead  so  aa  to  fomn  a  cnpit^il  and  base,  whose  abutting  sur- 
Bocs  should  be  "faced"  in  the  lathe,  or  planed,  to  make  them  exactly 

Re  and  perpendicular  t<i  the  axis  of  the  pillar.  For  the  same 
on,  wlien  a  cast  iron  pillar  cunaists  of  two  or  morc  lengths,  the 
I  of  those  lengths  alivmld  be  nrnde  truly  plane  and  perpendicular 
be  axis  of  the  pillar  by  the  same  process,  so  that  they  may  abut 
ly  and  equally  against  each  other;  and  they  shoidd  be  fastenod 
together  by  at  leu.-it  four  bolts  passing  through  projecting  flanges, 

36G.  Wroaght  Iron  Himta  and  Pilliin. — The  principles  of  tho 
•tx^ength  of  wronjjht  iron  struts  have  been  explained  in  Article  158, 
yp.  2;i7,  23ii.  It  apf>ear8  from  the  formvdaj  deduced  by  Mr. 
Sordon  £i"om  Mr.  Hotlgkinson's  experiments,  that  while  cast  iron 
is  the  better  inateriul  lor  a  pillar  whose  length  does  not  exceed  a 
certain  limit  jus  compared  with  its  diameter,  wrought  iron  is  the 
better  material  when  tho  length  exceeds  that  limit.  For  pillars 
with  fixed  ends,  that  limit,  accoitling  to  tho  formulna,  is  about  2S 
limes  the  diameter;  for  those  with  Iviuged  ends,  about  13  times; 
bnt  from  the  nature  of  the  calculation,  those  I'esults  mujst  bo 
tc{»ardwl  as  roughly  apjn-oximate  only. 

ill  order  to  siitTen  wrought  iron  struts,  they  are  made  of  various 
foruis  in  cros.s  section,  such  as  the  angle  iron,  T-iron,  double  T-iron, 
channel  iron,  &c.,  already  described.  A  very  convenient  form  of 
BroH»-section  is  that  of  u  cn»ss.  It  is  in  geneml  built  l>y  rivetting 
bars  of  simpler  forms  t<.)gether;  thus,  it  may  be  made  u|)  of  two 
T-irona  rivetted  Ixick  ti  back,  or  four  angle  irons  rivetted  liack  to 
back,  or  (as  in  fig.  235)  one  tlat  bar  A  A,  two 
B»rro\vv,r  flat  bai-s,  B,  B,  and  four  angle  irons,  all 
rivetted  together.  This  last  form  is  that  of  tho 
BtrutKliagonals  of  the  Wnrren  girders  in  the  Crumlia 
Viaduct.  A  double  T-slui|jed  stmt  may  either  be  a 
tingle  har,  or  may  be  built  in  n  manner  which  wiW 
tie  rlext^rilHxl  in  tivatiag  of  beams.  The  Barlow 
fiw/  (%.  ^JO,  p.  61i<)  is  also  a.  good  form  lor  aimVs. 
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The  Btifiest  form  for  a  -N\Tought  iron  strut  ia  that  oflfl 
to  say,  a  built  tube,  which  may  be  cyliQdrical,^ 
triangular.     Fig.  23G  is  a  ci-oas-swtioa  of  a  rcct 
four  platti  irou  sides  connected  togetlicr  by  angl 
Fig,   237  is  a  tiiangiilar  cell,  riuming  along  Uie 
plate  iron  beam. 

Fig.  23S  shuns  a  suuple  form  of  croB»-aectioa  for  k  slv 
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Fig.  236. 


Fig.  237 


Fig.  238. 


a  Begment  of  a  circle.     This  might  be  furtlicr  suflencd  hv 
a  pair  of  angle  irons  along  its  edges. 

When  a  wrought  iron  strut  is  hbxged  at  the  euds,  thftkj 
takes  place  by  its  abutting  at  each  end  against  a  cyUndriel 
which  it  is  connected  with  some  other  piece  of  the  frasM 
the  manner  already  described  for  tie-bars.  To  fix  H» 
direction,  as  it  seldom  has  large  abutting  surfaces,  it  is  k 
necessary  to  fasten  it  to  the  adjoining  pieces  of  the  ^ 
several  bolts  or  rivets. 

To  insure  the  etifiiiess  of  a  built  strut,  the  bars 
built  should  break  joint,  like  the  layers  of  a  built  iron  ti 
abutment  of  successive  lengths  against  esich  other 
and  equable;  to  insure  which,  every  bar  «hauUl  Lave  i^ 
exactly  plane  and  exactly  perpendicular  t<.)  it«  length- 
done  by  a  machine  consisting  of  a  j>air  of  circidar  eaw*^ 
-at  a  clear  distance  apart  e<]iKJ  to  the  intended  length 
when  cut:  a  bar  being  placed  parallel  to  the  axis, 
towards  it,  has  its  two  ends  sawn  off  at  once,  in  planes  ] 
to  its  length, 

Mr.  Gordon's  formula  for  the  ultimate  strength  oft 
struts,   deduced    from    Mr,    Hodgkinjson's    experil 
expwased  a«  foUows,  P  being  the  load,  S  the  » 
length,  and  h  the  tbickneas : — 


it  istl 
iron  ti 

1 

fth*« 


1  =  36,000^(14-^*;) 


■frhere  a  'ban  the  value  _  ^^  for  utmts  ftxcd  in  dirBcW" 
ends,  and  ot  «t&ci\id.  tv:clas^g3&»x  w«^>v>x^KVmQ^  tlt«  leaM  ^ 
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Tor  other  forma  of  cross-section,  an  approximate  rule  Las  ali'eady 
keen  given,  to  the  effect  that  A  is  to  be  considered  as  representing  the 
east  dimension  of  a  triangle  or  rectangle  circumscribed  about  the 
»ar;  but  in  many  cases  it  may  be  more  satiafactoiy  to  take  into 

oitnt  tlie  lesist  "  radius  of  gyration"  of  the  cross-section,  as  in  tlie 
■st  article ;  and  for  that  purpose  the  formula  may  be  put  in  the 
lUo'wing  shape,  r  denoting  that  radius;  that  is  to  say,  r*  is  the 
n  of  the  squares  of  the  distances  of  the  particles  of  the  croas- 

tion  from  a  ncutml  axis  travei"sing  its  centre  of  gravity  in  that 
lirectdon  which  makes  r*  least : — 


I  =  36,000  ^(Uj5^) W 

o: 
r  ( 

} 


} 


A«  ^  12. 
/«*-f.    6. 

12*  h  +  b  ' 
b^  ^  12. 

/i'  -5-  16. 

A2^    8. 


or  hinged  ends,  put  0,000  instead  of  36,000  in  the  divisor. 
.The  following  are  values  of  r-  for  different  figures: — 

L  Solid  rectangle;  least  dimen- 
sion =r  h; 

IT.  Thin  square  cell ;  side  =  h ; 
III.  Thin    rectangular    coll; 

breadth  6;  depth  A; 

E,  Thin  triaugular  cell  on  the  \ 
edge  of  a  plate  (fig.  237);  V 
base  of  triangle  =  &;....) 
.  Solid  cylinder;  diameter  ==/» ; 
.  Thin  cylindrical  cell ;  dia- ) 
meter  =  A; ■...  f 
_          ,  Angle  iron  of  equal  ribs;  \ 
breadth  of  each  =  6;  ....  J 
Angle  iron  of  unequal  libs ; ) 

greater  6,  less  A; J 

Cross  of  equal  arras; 

H-iron;  breadth  of  flanges 
b;   their  joint  area   A; 

ai"eaofweb  B; 

Channel  iron;  depth  of 
flanges  +  ^  thickness  of 
•web.  A;  area  of  -web  B; 

of  flanges  A; 

Barlow  rail;  cross-section 
composed  of  two  quad- 
rants of  radius  R,  mea- 
sured to  middle  of  tliiek- 
ness,  connected  hya  table 
of  sectioDol  area  :^  joint 
srea  afquadmuts  X  '273;  j 
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XIII.  PairofBftrlowrailsnsabove, 

ri  vetted  base  to  base ; 

XIV.  Circuliiv  segmout  of  radiiid  I 

llandlenjfth  2  li  J'j  ....  J 

367.  CiiM  iroH  Beama. — For  the  principles  which  tin'  -pr^ 
to  cast  ii'ou  beaiu.s  in  commou  •with  tio^uns  in  i 
169  to  I7y  A,  pp.  i'30  to  2yt>.     The  pcoiliftr  £.i.  , 
as  to  streugth,  which  h.ave  to  bo  cousidci'cd  in  il' 
Have  been  stated   iu  Article  164,  p.   2j7;  Article   i 
Article  107,  pp.  2G3  to  265;  ati«l  in  Article  353,  j^t.  VJ'Jvi 
and  the  precautions  to  be  obscnel  in  desitfni>>.>  tl,.  =. 
otlier  cahtings,  have  been  explained  in  Article  j 

Tlio  most  common  and  useful  forms  of  cross-t* 
beama  arc  the  inverted  X-8lifiI>^d  {^g-  239),  the  trougii 
240),  and  the  double  T-slmiJed  (tig.  241). 

As  to  the  tninsverse  resistance  of  th«  X-8liai>«l  w***"^ 
Article  163,  Example  VIIL,  p.  254.     As  to  the  pmpor ' 


Vic  TJ'J. 


11 


Fig.  240. 


of  flange  and  web  which  makes  the  tendency  to  hreiik  l 
at  B  ami  tt'uring  at  C  equal,  see  Artiole  164,  Ci»o  1 
the  example  in  the  same  i«ige.     The  same  forniti! 
are  applictible  to  tnjugh-shaped  beams,  taking  the  tv^ 
B,  B',  to  be  ccpuvalent  to  one  rib  of  the  uaoio  depth  4. 
thickness. 

The  thickness  of  the  horizontal   and   vertioii 
girders  should  be  equal,  or  nearly  equiil,  for  tl»c  muioi 
Article  .'{54,  p.  503. 

The  double  T-shapcd  beam  is  in  genpral  uiado  of  a 
duced  by  Mr.  Hodgkinaon,  with  a  view  to  m  i"  ' 
equal  above  and  below.     As  to  the  proportions 
Artiile  164,  Case  II.,  p.  257  J  also  the  exaniplc  iii  tUc 
See  also  UcKlgkiusou  On  Uu  Strcntjth  qfCaM  Jnm. 

Ill  onler  to  make  the  stretelied  table  C  1  ■■ 
with  the  compressed  table  A,  it  is  uecv8pi<i 
i)n.siiKrably  tiixok^it  \\v8ai  Xixtt  \«ia,\*x.    '\.>b^  ^  twxii 
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e  as  to  avoiding  alinipt  changes  of  thickness  in  castings,  by 

king  the  vertical  web  B  of  the  same  thickness  with  A  at  the  top, 

I.  of  a  gradually  incrtvising  thickness  towanls  the  bottom,  where 

B  netiily  as  thick  as  C. 

rransversG  ribs  or  feathers  on  cast  iron  beams  are  to  bo  avoided, 

pbrming  lodgments  for  air-bubbles,   and   as  tending  to  cause 

cks  in  cooling. 

Dpen-work  in  the  vertical  web  is  also  to  be  avoided,  partly  for 

I  same  reasons,  and  ])artly  bt-cause  it  too  much  diminishes  the 

K^nce  to  «iistortiou  by  the  shearing  action  of  the  load. 

Wha  various  "/imns  of  equnj  stretKjth"  in  longitudinal  sections, 

Ctdy  described  in  Article   105,  pp.  25!>,  3(j(l,  arc  rooiv  easily 

■cutcd  in  cast  iron  than  in  any  other  iniitorial,  and  are  often 

Biloyed  in  practice,  especially  those  shown  in  figs.  HI,  112,  143, 

ft,  and  Ho. 

rhe  forms  of  horizon tjil  section  shown  in  figs.  142  and  144  are 

■iUed  to  the  flanges  or  tiiblcs  of  double  T-shaped  giiiloi-s  of 

norm  depth. 

In  sup|>f>iling  a  cast  iron  beam,  provision  must  be  made  at  ono 

1  for  its  expansion  and  contraction  by  heat  and  cold,  which  take 

ice  at  the  mte  of  about  '00111  for  the  1^0"  Falir.  Ijetwoen  the 

linary  freezing  and  Iwiling  jwints  of  water,  or  •00U0O62  nearly 

I  degree  of  Fahrenheit's  scale. 

868.    I.cngUi«aed    aail    TmsMMl   C'lut   Iron    Bennu- — It  is   seldom 

ISnUe  to  use  a  cast  iron  beam  of  a  span  ."^o  great  that  it  cannot 
■B  in  one  length ;  but  should  it  nevertheless  be  detcnnined  to 
E^'thc  following  principles  are  to  be  observed  in  the  coDstnictiou 
nch  junction. 

■tave  the  neutral  axis  tlie  ends  of  the  pieces  should  Ije  true 
HE  abutting  closely  and  equably  again-st  each  other,  and  exactly 
neridicular  to  the  axis  of  thu  Itcam, 

Below  the  neutral  axis  tho  i»iece3  are  to  be  connected  by  means 
irunsverse  flanges  and  wrotight  iix)n  bolts,  which  will  thus,  at  the 
it,  perform  the  duty  of  the  lower  or  stretched  table  of  the  beam ; 
I  the  total  sectional  area  of  those  bolts  should  be  such  as  to 
kc,  not  their  tenacity,  but  thi-ir  proportionate  donffcUion  by  a  ffiven 
non,  the  same  with  that  of  the  mst  iron  table  for  wliich  they 
lo.  substitute.  This  condition  will  l)e  approximately  fulfilled  by 
king  tho  Ecctional  area  of  the  bolt*  in  all  about  (me-fui(f  of  that 
lie  cast  iron  table ;  when  their  tenacity  will  be  more  than  suflicient. 
O^re  fihoidd  be  taken  so  to  aniiiige  the  bolts  that  the  mean  of 
t8quar««  of  their  distances  from  the  neutral  axis  of  the  section. 
U  no/  he  /eau  tlian  the  corre.'i/Mjndiiig  quantity  iov  *Ocsi  cmX  atovx 
h  whose  diitf  tbey  are  to  perihrm,  t 

ie  same  principles  arc  to  be  followed  in  designm^  \.\i0.t  aotti  I 
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tnused  outb  iron  beam  in  trhich  a  pair  of  wxoaght  inm  ti»- 
salatitated  for  the  whole  or  part  ox  the  lower  taUa 

369.  ruim  Wwmm^ti  imh  ■wm. — ^For  the  prindpleB  v! 
applicable  to  wrought  iron  beams  in  oommtm.  with  beams  in 
see  Articles  169  to  179  A,  pp.  230  to  296. 

The  most  ocnnmon  and  nsefol  finms  of  section  for  witx 
beams  that  are  rolled  in  one  piece  are  the   T-shaped, 
I-shaped  or  doable  T-shaped,  <^  which  latter  form  fig.  £ 
example. 

As  to  the  resistanoe  of  cross-aeetions  of  tiiose  figures 
boreaking,  see  Article  254,  Examples  VUX  and  IX.,  i^ 
256.  As  to  the  mode  of  fixing  the  proportions  of  saeh 
in  order  that  they  may  be  of  equal  strength  agaioi 
ing  and  tearing,  see  Artide  164,  Gases  IIL  a 
p.  258,  and  the  example  in  the  same  page ;  these  1 
cases  applicable  to  a  material  in  whidi  the 
(denoted  by  ^  in  the  formulse)  is  greater  than 
sistance  to  crn^i^  (denoted  by  J^). 

A  plain  wi-ought  iron  beam  usually  gives  way 
transverse  load  by  the  compressed  flange  bendiug  sideways: 
flange  is  in  general  so  narrow,  as  compared  with  its  length. 
condition  is  analogoas  to  that  of  a  long  wrought  iron  str 
Article  158,  p.  237.)  The  co-efficient  y„  therefore,  whit 
modulus  of  resistance  of  that  flange,  is  not  in  general  a ' 
quantity,  but  is  less  as  the  flange  becomes  narrower  iu  cod 
with  the  span  of  the  beam. 

From  a  reduction  of  the  experiments  of  Mr.  Fairb 
wrought  iron  beams,  given  in  his  works,  On  the  Applicaticn 
to  Building  Purposes,  and  UsefvL  In/ormation  Jot  £i 
first  series,  it  appears  that  the  moduhis  in  question  may 
puted  with  sufficient  accuracy  by  the  following  formula,  in 


SP 


Flg.S42. 


I  denotes  the  span  of  the  beam,  and 
b,  the  breadth  of  its  compressed  flange : 


f^  (in  lbs.  on  tlie  square  inch)  = 


36,000 


1  + 


5~m  A* 


The  following  table  shows  the  result  of  applying  this  for 
'varioosly  proportioned  be^ms,  and  of  substituting  its  rei 
equations  10  and  11  of  Article  164,  p.  258;  the  valoe 
tmadty/t  being  assumed  to  be  60,000  lbs.  per  square  iodi 
cmbl  Ai  denotes  the  sectional  area  of  the  oompresaed  flu 
ikat  of  UIA  YCPrtMaii  w«\i^  K^^daa^  c^  ^Cob  vteebc^ed  flaogs 


to  centre  of  the  t\ro  fl&Qges;  M^  tlte 


Mi 


(   20 


/, 


35.294 
33.333 
30.509 
27>273 
24,000 


■"1 

+  17 
Aj  +  I  -8 


Mo -A'. 


•35  Aj 

•4    Aj  +  I  8    Aj 

•48  iV,*  I  97  Aj 

A, 


•6    A2+2-2 
•75  Ao+a'S 


14,118  A2  + 60,000 
1 4,444  Aj  +  60,000  Aj 
14,916  A<2  + 60,000  A  J 
» 5.455  As +  60,000  Aj^ 
1 6,000  A2  +  60,000  A,] 


I 

^Hg   results  are   made   applicable   to   the   T-Bliapc< 
^Hy  making  A3  =■  0. 

Hl^hich  a  beam  ia  liable  to  be  strained  altenmiely  x 
ition,  the  aectioa  is  to  be  made  similar  above 
bat  Aj  =  A3 ;  the  beam  tends  to  give  way  in  every  case 
mding  of  the  flange  which  is  compressetl  lor  the  time, 
he  modulas  of  niptnrc;  and  the  expres&ioa  for  Uio 
it  assumes  the  simplified  form. 


+  A,). 


•(2.) 


of  wrought  iron  beams  by  heat  is  very  slightly] 

5«t  of  cast  imo  beams,  1"  ^  ■OOliJfortho  l<iU'j 

onliniity  freezing  and  boili  of  water,  or  aboulj 

ee  of  Fahrenheit. 

n«x  Ueumm. — Thii«  rl.i^     >  I  v.rought  iron  bertms 

Ita  cross-sections,  built  of  (rhit«>5  and  bars  rivctU!(t 

[JOB   vriiys,  but  nil  -.-irtiuiUy  eijuivaltut  io  doublu 

lon»,  and  liavin^'  rrth  dependent  on  the  aauM 

following  aiv  ^       ; — 


Fig.  246.  Hg.  t46. 

a  single  plate  for  ibc  \etfwaA. 
riha  or  flanges  connMs  ot  a^  fiaX 
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Irtir  and  a  pair  of  angle  irons,  rivetted  to  eacli  other  ttrf 
vertical  web. 

Fig.  244  is  a  "  l)ox  boftm,"  in  which  ther«*  is  r 
"web.     The  advantage  of  this  constrvictioD   is  to  l, 
bi-eadth,  and  therefore  additional  latei-al  stifTnc^s  an«i  iwld) 
Btrength  for  resisting  thmst,  to  the  compr^jsscd  tabic  or  fl»n(f 

Fig.  245  is  a  plate  Vicam  of  gi-eater  dimensions  than  tf. 
The  horizojital  ribs  or  flanges  contain  more  thou  one  layer  i 
bars,  and  the  web,  which  consists  of  plates  witli  their  ll 
dimension  vertical,  is  stilfnned  by  vertical  T-iron  ril 
of  those  jilatos,  as  shown  in  the  horizoutnl  section.  1 

To  give  8till  girater  etinViess  and  strength  to  ths 
pressed  horizontal  rib,  it  is  sometimes  a  cylindrical i 
Bometiuies  a  i-ectangidar  cell,  as  in  fig.  '250,  p.  525 
triangular  cell,  i-ivcttod  to  the  iijjper  edge  of  tlie  v»?r 
fig.  237,  p.  5'2'2 ;  and  in  some  ca&es  a  line  of 

inverted  segmental  trough,  aa  shown  in  the  ci  

p.  522,  \uui  been  made  fast  at  its  summit  V,  by  uiiglc-i«> 
rivets,  to  the  iip7)Pr  edge  of  tlie  venical  web. 

In  fixiu;;  the  dimensions  of  the  part^,  and  c»in  ■ 
of  bejiins  of  this  cla.ss,  the  niles  of  the  pnccdii 
plicable,  li.iving  rcgaid  to  the  following  special  prin. 

I.  The  seveiul  tiei"S  or  layei-s  nf  piec^«  of  which  iL 
Bhijuld  lireak  joint  as  much  as  possible. 

II.  Ujijjef  Jlorixofitul  llih. — The  several  lengths  of  3 
composing  the  ii2ipei  horizontal  rib  should  abut  closelji 
against  each  other,  having  end  MU"laccs  made  exactly  pe 
to  the  axis  of  the  beam,  as  already  described  for  vtw^ 
struts  in  Article  3G6,  p.  522.     In  using  equation  1  of  Atw 
p.  52G,  to  compute  the  modulus  of  rupture  by  cnulna^j 

following  are  the  diviaors  by  which  ^^  is  to  be  divitled: — 

For  a  flat  upper  horizontal  rib,  or  a  tri-  \  -  *,>v,» 

angular  cell, /  **'^'"" 

For  a  square  cell, 10,000 

For  a  cylindrical  cell  or  an  inverted  |  -  ^^.v 
Bemicircular  ti-ough    (diam<'ter  =  ft),  j         ' 

For  an  inverted  segmental  tmu;^h,  8ub- I  7,500/       "B 

tending  the  angle  2t  to  radius  unity,  j  sm^O  \  S| 


^rtic!*l^| 

I 

glc-we> 
elyw 


i 


III.  Loxver  Ilorizontal  Uib. — The  several  lengl  V  s  ofrlit;'' " 
of  which  the  lower  horizont*%l  lib  consi^t-H  arc  t' 
tach  oilier  by  covmT\^-Yli\te5  and  rivets  a*  pn; 

.»  ia  AttAcVo  'AVi\,  "V-  ?>\% -,  \».vA \\w^  -K^x^tYcA  \^ijj  \ 
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icle  3G9,  and  of  the  other  articles  there  referred  to,  is  to  be 
ksstood  to  stand,  not  for  the  total  sectional  area  of  the  lower  rib, 
ly  for  the  effedivt  aectiotud  area  left  after  making  the  jjKiper 
'  an  for  rivet-holes,  according  to  the  priitciplea  explained  iu 
le  364,  p.  518,  and  Article  360,  p.  515. 

'  the  best  plate  iron,  the  value  of  the  modulus  of  tenacity,  f^, 
an  average  about  50,0U0  lbs.  ]>er  square  incli.     The  following 
"le  results  of  substituting  that  value  for  G0,000  in  the  com* 
^ons  of  tlie  table  iu  ArticJe  369,  p.  527 : — 


Mo-A' 


10,784  Aj  +  50,000  A, 
ii,xii  Aj  +  50,000  Aj 
11,584  A2  + 50,000  A5 
13,131  Aj-t- 50,000  A, 
1 2,667  Aj  +  50,000  A, 

.   Vertical  Web. — The  thickness  of  the  vertical  web  is  8eld<»m 

less  than  ^  inch,  and,  except  in  the  largest  beams,  is  in  general 

than  sufficient  to  resist  the  shearing  stress.     In  those  beams 

■liich  it  becomes  necessary  to  attend  specially  to  the  power  of 

Tertical  web  to  resist  the  shearing  action  of  the  load,  the 

Dint  of  that  shearing  action  is  to  be  computed  for  a  suMcient 

iber  of  cros.s-.sections  by  the  formulic  of  Article  161,  Case  IX., 

247,   218,  249,  and  its  greatest  intensity,  for  an   assumed 

cness   of  web,  by  the  formula  of  Ajiicle   168,  Case  VIIL, 

67.    (In   many  cases,  however,  it  is  sufficiently   accm-ate  to 

ane  the  shearing  sti-es.'j  to  be  entirely  borne  by  the  vertical 

V  and  uniformly  distributed  throughout  its  section.)     It  ia  then 

considered  that  the  shearing  stress  at  the  neutral   axis  is 

ivalent  to  a   pull   and  a  thrust  of  equal   intensity  inclined 

osite  ways  at  45^  and  that  the  vertical  web  tends  to  give  way 

mckling under  the  thrust;  so  that  its  ultimate  i-eeistance  in  lbs. 

fM][uare  inch  is  given  by  the  following  expression : — 


1/.  i  /. 

Ai 

I         For  0  Flat 

■         Upper  Rib. 

So,ooo     10    35.294 

•21  A;+  I '41  A, 

50,000     20     33,333 

•2SAj+r5   As 

50,000     30     30,509 

•32A2+I-64A3 

50,000     40     27,273 

•41  Aj+i-83A3 

50,000     50     24,000 

•54  A, +  2 -08  A, 

.36,000 


1  + 


.(1.) 


3,000  f- 


hich  t  is  the  thickness  of  the  plates  of  the  web,  and  e  the  die- 

B  measured  along  a  line  iucliued  at  45"  to  the  horizon,  between 

of  its  vertical  stiffening  ribs;  or,  if  it  hns  no  such  ribs,  between 

upper  and  lower  horizontal  ribs.     The  intensity  oi  \i\e  AL«Mfviv\t 

2iL 


)>.  522.     In  order  that  these  cells  luay  ^ 
width  of  each  of  them  should  not  exceed  // 
the  plates  of  wliich  they  are  Diade.     The  j<auU 
connected  and  ^stiflened  by  means  of  cove-ring  j.l 
as  angle  irons  witliiu.     The  breadth  Ls  fifte«u  !• 
The  two  vertical  webs,  or  sides,  B,  exiictly  ic. 
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inner  T-iron  ribs.     TLe  top  and  bottom  are  further  stidened 

isverse  ribs,  «,  g,  one  at  every  third  set  of  vertical  ribs, 

5g.  248  shows  one-half  of  a  kind  of  croas-section  for  a  great 

"  ir  girder  16  feet  broad,  in  which  the  top  and  bottom  consist 

le  or  more  layers  of  plates  rivettfid  close  together,  and  «tif- 

by  means  of  projecting  ribs,  instead  of  by  a  cellular  structure. 

1  girders  of  the  Victoria  Bridge  over  the  St.  Lawrence  belong  to 

A  is  the  upper  table  j  it  is  aiightly  arched,  having  a 

of  curvature  equal  to  about  six  times  its  breadth,  and  ia 

by  the  longitudinal  T-iron  ribs  d,  d,  d,  d,  about  2  feet  3 

apart,  and  by  the  transverse  ribs  e,  about  ,7  feet  apart.     B 

le  of  the  side's,  with  vertical  T-iron  ribs  in  paii-s,  /,  /,  about 

feet  apart     C  is  the  bottom,  consisting  of  a  sufficient  thick- 

of  plates,  with  covering  strips;   it   is   Htiffened,  bo  far  aa  it 

Is  stiffening,  by  its  coimection  with  the  transverse  joists  ff  of 

platform,  which  are  double  T-ahaped  plate  beams,  one  at  every 

; ;  h,  h,  arc  gussets  to  stiffen  laterally  the  counectiou  between 

aides  and  the  top  and  bottom. 


Fig.  249. — [The  Victoria  Bridge,  from  a  Pbotpgrapb.] 

ie  whole  of  the  principles  of  construction  and  strength  stated  ii 
preceding  article  for  plate  and  box-beams  are  a]p\A\ca.\i\c  ^ ' 
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DB,  lianging  from  the  cross-headfl  of  tlio  plungere  of  a  pair  of 
raulic  presses  on  the  top  of  the  piers,  through  u  height  equal  to 
Btroke  of  the  plungers  (G  feet).  As  the  beam  rose,  the  receeseB 
w  its  ends  were  built  up  with  brickwork,  which  formed  a  pair 
emporarjr  supports  for  it  while  the  plungers  were  lowered  and 
chains  shortened,  in  order  to  raise  it  through  the  height  of 
iher  stroke,  and  so  on.  The  girders  of  the  Victoria  Bridge 
i  built  upon  a  scaffolding  in  their  linal  position,  all  the  pieces  of 
;h  they  were  made  liaving  been  shaped  and  punched  iB  England. 
Ixe  method  of  moving  endwise  on  rollers  on  to  the  piers  is  best 
jted  to  girders  that  are  continuous  over  two  or  more  spans; 
auch  girdei-s  may  require  during  the  process  to  be  temporarily 
lencd  by  means  of  masts  and  i>tay-chaius. 

a  order  to  give  a  girder  put  up  span  by  span  the  ]>roi»ity  of 
inuiti/  over  its  piers,  the  following  method  has  been  practised : — 
ise  two  lengths  of  the  girder  to  have  been  erected,  and  to 
discontinuous  over  the  pier  where  they  meet.  Eiicb  of 
ingths  is  bout  by  its  own  weight;  and  their  adjoining 
stead  of  standing  in  parallel  vertical  planes,  lean  away 
each  other.  The  further  end  of  one  of  the  lengths  is  now 
up,  by  means  of  a  hydraulic  press,  a  lifting  jack,  or  some 
suitable  machine,  until  the  two  adjoining  ends  meet  ao- 
tely;  when  they  are  made  fast  to  each  other  by  fishing, 
ri vetting,  or  other  suitable  means  of  o^onection.  The 
ler  end  of  the  girder  that  has  been  tilted  up  is  now  lowered 
>  its  proper  place;  and  the  same  process  is  followed  for  each 
^t  where  contintiity  over  a  pier  is  required. 
Ls  to  the  efiect  of  conbinmty  over  the  piers  upon  the  strengtit 
,  stifihess  of  a  gu-dei-,  see  Article  178,  p.  287,  and  especially 
thod  II.  of  that  Article,  pp.  2S8  to  292. 

3ie  continuity  of  a  gii-der  must  not  be  carried  throughout  a 
ater  length  than  is  consistent  with  a  proper  provision  for  its 
lansion  and  contraction  by  changes  of  temperature.  An  iron 
er  can  Lave  only  one  fixed  8up2>ort ;  all  the  rest  must  be  on 
beds  or  slide.s;  and  in  the  case  of  a  gh'der  continuous  over 
the  best  position  for  the  fixed  point  of  support  is  near  the 
die  of  its  length.  The  largest  continrioiis  iron  girders  yet 
Bted  are  those  of  the  Britannia  Bridge;  they  are  1,511  feet  in 
gth,  and  rest  on  three  piers  and  two  abutments,  forming  four 
da;  they  have  a  fixed  support  on  the  centi-al  pier,  and  rest  on 
ens  at  the  other  four  points  of  Bupport,  so  that  the  length  of 
lal  which  expands  and  contracts  at  each  side  of  the  fixed  support 
65^  feet 

'tom  what  has  been  stated  respecting  the  mode  of  connecting 
lengtba  of  a  continnous  girder,  it  is  obvious  fhat,  "^Vvom» 


J 
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the  Tuaking  of  tbe  connection,  each  length  Ixinils 
weight  asj  a  separate  girder,  and  tliat  tlio  whole  of  its  tc<^ 
slili'eued  to  resist   compression.     Aft«r  tlie   counectioi) 
effected,  the  top  <.>f  each  girder  assiiiuea  a  btate  of  teusii 
bottom  a  state  of  compression,  fi-om  the   pivrs  to  tin 
contrary Jlexure  ([>.   291,  equation  10).     Hence  both  the* 
the  bottom  of  a  girder  which  is  to  be  continuous  ovw  tlw  j 
to  be  stiftened  by  means  of  cells  or  ribs,  so  as  to  be 
resisting  either  compression  or  tension.     Such  is  the 
Britannia  Bridge,  wbei-e  the  girders  are  cellular  both ; 
belnw.     (See  the  authorities  cited  in  p.  534.) 

It    has    already    been    shown    in    Article    178, 
equations    7    and   S,    pp.    289,   290,    that    if    w    he 
load,  aud  to   the   rolling  proof  kiad  (beiug  twice  tl 
rolling   load)   per   unit  of  length,  the   mouiotits  of  ficxi 
respectively, 

overa  pier,  -M^  =  — ^y — •  P;  .... 

in  the  middle  of  a  span,  M^  —  — ^fi —  ^i ' 


the  aura  of  which;  or 


8 


^,. 


is  simply  the  moment  of  flexui-e  in  the  middle  of  a  ; 
The  effect  of  the  openition,  then,  already  de^frlKpn 
girder  ia  made  continuous  over  the  jiicrs,  coii 
middle  of  c.ich  sj)an  of  the  girder  of  bending  r, 
denoted  by  the  exj>ressicn  (1),  and  transfcnii 
bending  uftion  to  the  juirta  over  tbe  piern.      Ji,  «fl  .^ 
tubular  liriilgea  of  the  largest  class,  the  mlling  l<x«l 
the  fixed  load,  (1)  is  greater  than  (2);  but  the  most  ai 
niethnd  of  employing  tlie  strength  of  the  material.  i»  t< 
bending  actions  at  mid-span  and  at  each  fuer  ■ 
each  of  thera  being  one-half  of  the  expression  ( 


i*. 


To  effect  this  result,  an  imperj'ect  coniinuit^  is  to  he  ] 
the  following  mannt'r: — 

Observe  the  angxilar  opening  between  t'  '■  --  *  -  ■  ■^■ 
>f  lengths  of  the  girder  as  they  leaa  (fjin 
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w  —  u/ 
4  w-^'2  vd 


'i; 


.(5.) 


Kd  let  thig  be  the  angle  between  the  faces  of  a  wetlge-ahapcd 
ling  piece  to  be  mtioduced  into  the  opening  between  the  ends  of 
i  lengths  uf  girder  before  conutcting  theui,  so  that  the  opening 
y  be  reduced  iii  tlie  i-atio  of  the  expression  (-1)  to  the  expi-essioa 
,  Theti  tilt  up  the  further  end  of  one  of  the  lengths  luitil  tho 
ante  tit,  and  connect  them. 

If  the  rolling  load  U  to  be  neglected  in  tnalcing  this  adjustment,  tho 
pression  (.5)  becomes  simply  rf  — 4,  so  that  the  angular  oi)ening  ia 


[  Ihc-  IJriiinnia  Bridge.] 


be  reduced  to  3-4tii3,  and  the  further  end  of  one  of  the  lengths 
t*d  up  to  3-ith3  of  the  height  wliich  wonid  have  been  necessary 
perfect  coutinnitj'.     The  insult  is,  that  tho  moments  of  flexui'e 

>  mid-sjiiin  and  at  the  piers  become  equal  to  each  other  for  a  fixed 
id.     This  was  the   method   followed  at  the  junction  over  the 

mtral  pier  of  the  Eritannia  Bridge. 

373.    KMicct  of  Mfind  on  Tubular   Girdcn. — The    prCSSIire    of  the 

ind  against  one  side  of  a  tubular  j^irder  acts  like  an  nnifornily  dis- 
tibuted  load  tentling  to  bend  it  sideways,  and  producing  a  bending 
lomeut  and  maxinuim  stress  whose  values  are  as  follows : — 
Let  w'  be  the  pressure  per  lineal  inch  of    ^tdet,  ^o\vtv\  V^ 
\Itipivmg  the  iu  tensity  of  the  pressure  of  the  -wi.tid."V35  "V^xa  ^«s^^ 
tbe  aide  o£  the  girder.  '' 


53^^ 
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b,  Um  bmdih,  from  eentare  to  coitR  of  tl«  reftical  i 
A^  amd  A^  aa  bdase,  die  aeetiattjd  «r»  of  «k»  «n|i  i 

■Sid  A^  tike  jaiat  aeelaaMJara  oftkeadsiL 
Una  the  gtestest  bonfing  ■MHMBt  i% 


M  = -5- St  tbe  middle  fiir  » 


M=-Ys- at  eadipier  fare  gilder  cBntioacwiiowrth»| 
end  tlie  greatest  stnas  ie 

Tlie  greatest  praasuie  of  wind  ever  obeerfed  in 

Bo  11>&.  on  the  tsqaare  foot,  =  '3S2  Ux  00.  the  aqnare  inek 

374.  Plata  Arched  irMi  KOto  are  vsnaUj  made  of  1 
wroDght  iron  is  sometunea  emplored.  Tfaejmaaiii 
fined  to  those  irou  ardtes  which  have  not,  or  do  m 
their  stiiBueB  upon,  diagonal  hrariTig  in  Aheir  iq»rnirik>a>  < 
diafigarement  of  each  Tih  is  reeistad  either  by  ite  cma  I 
or  by  that  stifiueas  combined  with  the  stlAaaaa  of  a 
gii-der  directly  above  the  rib. 

The  whole  theoiy  of  the  action  of  a  load  on  an 
already  been   g^ven   in  Article   180,   pp.   296   to 
exception  of  some  cases  ^vhich  have  come  to  &e 
ledge  since  that  pert  of  this  work  was  in  ^pc,  aad** 
treated  of  in  this  and  in  some  subsequent  aitidea. 

Cases  in  which  the  arched  rib  is  so  bnuxd  by 
Bpaudril-framing  that  a  special  theory  is  required  for 
treated  of  in  the  next  section. 

Reference  will  now  be  made  to  those  parts  of  ^ 
where  the  formulie  to  be  used  in  computing  the  stxsngtl*  of' 
ribs  are  to  be  found. 

The  usual  form  of  section  is  the  I  or  double  T-eliape* 
flanges  above  and  below,  the  thickness  of  th?  wi^h  Hnil)g< 
nearly  equal.     The  depth  (denoted  by  A  ;i  -rtitjbt)  • 

genenilly  to  be  computed  by  means  of  a  form .  1 «  u>  I*  n 

<ither  by  a  series  of  trials,  or  by  udoptiug  an  euiptnod  n>Hj 
ttji  making  it  ijom  1-iOth  to  1-GOtU  of  the  span,  "njc  tatk>fi| 
uaed  in  the  fonnuls  for  strength  and  atiflRa*— ^  is  to  be  1 


thm,^ 


Bj  \h«VkX«'Vy(.'H'VdMJl,«LQ\«M6rB 
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Bnch  a  section  by  me&ns  of  the  expression  in  Case  IX.  of  Artida 
170,  p.  205. 

Tlio  ncutnil  axis  of  the  nb  should  be  a  parabola  j  for  which,  ia 
arches  of  small  rise  as  compared  with  the  span,  an  arc  of  a  circlaj 
mar  be  substituted  without  material  detriment  to  the  stability  ofj 
■the  arch, 

The  rib  may  be  made  of  uniform  stiffness  by  increasing  th 
sectional  area  from  the  crown  to  the  springing  in  the  proportion 
the  secant  of  the  inclination,  as  ezpLuncd  in  Article  180,  Problem. 
U.  Wlien  the  rib  is  not  of  uniform  stiffness,  but  of  unifom^ 
tection,  the  computation  by  means  of  the  formulse  gives  tlie  area  oi 

ction  cU  t/ie  crovmi  of  a  rth  of  uniform,  sliffnesa  oftAe  aame  st' 
this  must  be  augmented  in  the  proportion  of  the  secant 
iclination  of  the  neutral  axis  at  the  springing  to  radius,  in 
obt4un  the  uniform  area  of  section  required  tor  the  p 
of  uniform  section. 

Case  I. — When  the  rib  has  flat  ends  finnly  bedded  against  im» 
movable  skew-bocks  (as  ia  usually  the  case  with  cast  iron  arches), 
ihe  case  is  that  of  Article  180,  Problem  IV. ;  and  the  first  step  iu.j 
the  calculation  is  to  compute  the  quantity  denoted   by  B,   b; 
means  of  equation  30,  p.  3('i.'»,  viz., — 

45  qm'  /*2  /       16  it»\ 


B  = 


TW 


Should  the  skew-becks,  through  the  yielding  of  pier*  or  abut- 
tiienta,  spread  asunder  when  the  arch  is  loaded,  the  case  is  that  of 
Problem  V.,  and  B  is  to  be  computed  by  means  of  equation  40, 
p.  308.  In  using  thiti  last  equation,  a  sectional  area,  A^,  has  to  b« 
iissumed. 

2'o  aUam  far  Uie  straining  fffects  of  rise  and  fall  of  tempercdurif 
proceed  as  follows: — Let  t  denote  the  greatest  probable  deviatioa 
of  the  temporaturo  from  that  at  which  the  bridge  is  to  be  erecteds 
E,  tlie  modulus  of  ela-^ticity  of  the  material;  p^,  the  intended  mi 
intensity  of  tho  greatest  thrust  at  the  crown  of  the  rib;  and  e, 
Go-efllcient  of  expansion,  whose  value  is 

'0000067  per  degree  of  Fahrenheit,  or 
■0000 1  ao  per  centigrade  degree. 


then,  in  computing  B,  by  means  of  equation  30  or  equation  40,| 
the  following  additioual  tenn  is  to  be  introduced  into  the  factoi 
within  the  brackets : — 


»f  E 
ft   ' 
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the  sign  <  z^  >  being  used  according  as  (  denotes  <  ^.  ^  of  t^ 

perHtare. 

Tho  Diean  iuteDaity  of  tbriiet  p^  mny  be  unknown;  in  ulii^ 
case  11  pittviaional  calculation  of  the  honzontal  tbriist  luiil  ana  J 
sectiiJii  must  be  rnado  without  ullowing  for  tho  olVecta  of  i-lmiige  ef 
tenjperat\iro,  in  order  to  obtain  au  appmxiiuate  viUuo  of />^ 

Wlicu  B  has  been  computed,  the  ni-xt  stop  i«  to  compute,  by  iht 
forrauliB  3G,  p.  307,  tho  jiroportiuus  r^  and  r^^  of  the  rjou  vbich 
niu»t  be  loade<l  with  a  niUiiig  load,  in  order  to  xuake  the  tlmat 
and  t^iiaiuu  respectively  tho  greatest  possible.  • 

Should  the  sectional  aix-a  be  fixed,  the  greatest  thrust^  asdlkl 
greatest  tension  p\y  ai-e  then  to  \>e  computed  by  means  of  cqiuliiai 
37  and  38  respectively,  ]».  307. 

Should  the   soctiouul   area   liave  to  be  fixed    by   erit.. 
transpose,  in  these  equations,  the  symbols  A  and  p:    : 
become  fonnulsc  fur  computing  the  sectional  area,  if  the 
aafe  working  thrust  and  tcn^^ion  i*c!»|ieclively  be  put  (or  p^ 
and  the  yrocUer  of  the  two  valiicR  of  A  j  is  to  be  adoptod  for  the 
at  the  crown  of  a  rib  of  uniform  stitl'iiesa. 

To  find  tlie  toUd  horizontnl  thnist  H  when  tho  8tro<4M  is  gnaitM, 
nae  equation  31,  p.  300.  The  (jnantity/jg  in  the  expression  (I)  abcit 
lias  for  it«  value  H  -^  Aj. 

The  greate-st  total  horizontal  thrust  is  found  by  making  r=  1. 

The  approximate  formulie,  37  a,  3S  a,  p.  307,  and  31  B,  SSl^ 
37  n,  38  B,  p.  308,  may  bi*  used  in  the  cttscs  there  explained. 

Case  II. — When  the  rib  is  fixed  at  the  crown  to  a  fioristmki 
girder,  see  Problem  VJIL,  p]).  313,  314. 

Case  III. — The  rib  may  be  vortiftilly  hiivjtl  ai  lh«  enclt,  ly 
having  thcni  itjunded,  and  .supjxirted  by  hollow  cylindrical  Iwc 
ings,  so  tbttt  tliey  resemble  ti-unuiona  or  journals.  This  caie  Wli 
xuuler  PiYiblem  YI. ;  and  the  hrst  step  in  the  calculation  it  l« 
coijumte  the  value  of  tho  quantity  C  by  means  of  equatlim  51, 
p.  310. 

To  allow  for  the  effect  of  changes  of  temperature,  intnvloa 
into  the  factor  of  C  within  the  brackets,  the  expression  (1)  of  Uii» 
Article,  already  explained. 

The  most  severe  stress  occurs  veiy  nearly  when  one  half  of  lb 
span  is  loaded.     Under  that  condition, 

To  find  the  total  horizontal  thrust  H,  use  equation  fi3A,li 

311j 
To  find  the  greatest  moment  of  ftexur©  M',  use  equation  57 1, 
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find  the  great'Cst  intensity  of  stress  if  the  sectional  area  has 
been  fixed,  use  I'qiiation  58,  p.  311 ; 
To  find  the  required  sjectional  area  til  the  ci-own,  make  ;>j  =  the 
greatest  safe  working  intensity  of  thrustj  and  use  the  follow" 
in"  formula : — 


-.'.^C^-) (^.> 


I 


Oun  I.,  IL,  and  III.,  iofind  tfte greatest  dediction,  see  Problem 
r.,  pp.  313,  313. 
!/ASE  IV. — Hib  hinged  at  tlie  crown  and  at  Ute  eiida. — The  hing- 

of  the  rib  at  the  crovm,  xm  well  as  at  the  ends,  has  been  pn>- 
led  by  M,  Mantioa  {Anitai^  des  Pontt  et  Chausteeg,  18G1),  but 

never  yet  been  executed.  Tliis  mode  of  construction  would 
Ire  the  great  advantage  of  annulling  the  Gtrainiug  effect  both  of 
Uoges  of  temperature,  und  of  the  yielding  of  the  piers.  The 
nulse  for  computing  the  greatest  streas  in  this  caae  are  deducible 
litbose  of  Problem  VI.,  pp.  311,  312,  by  making  C  =  0;  and 
pSure  as  follows : — 

jet  /  l»e  the  span  1     -.,  x    it      *     ■     v 

7    ,,      .  '       S  of  the  neutral  line  m  inches  : 
A",  the  nse       j  ' 

Wq,  the  fixed  load  jter  lineal  horizontal  inch  j 

w,  the  rolling  load  per  lineal  horizontal  inch; 

m  the  greatest  intensity  of  stress  occurs  when  one  half  of  the  rib 
loaded  with  the  rolling  load;  and  in  that  condition  the  total 
rizontal  thiTist  is, 

==r*  ("•*!)■ t^* 

greatest  moment  of  flexure,  which  acts  downwards  on  the 
ded  half  and  upwards  on  the  unloaded  half  of  the  rib,  is 

"•^i" w 

B  greatest  intensity  of  thrust  occurs  at  the  outer  flange  of  the 
Lied  and  the  inner  flange  of  the  unloaded  half  of  the  rib,  and  has 
»  following  value : — 

the  greatest  bxtenaity  of  tension,  if  any,  occuta  a\.  ilbft  Vse 
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flange  of  the  loaded  and  ont.er  tlnnge  of  the  uujuuutru  m 
the  following  value  : — 

To  proportion  the  depth  of  the  rib  h  to  its  riae  jI*,  » 
BOtart  tension  may  beur  any  given  ratio  to  the  grnlell  I 
fnake, 

k       8  ir^+4  w'/ij+pj' 

(for  the  value  of  q,  .««  before,  see  Article  179,  C««>  T.^' 

The  grentest  total  horizftjUal  thrutt  occurs  when  t.'. 
over  its  whole  sponj  and  its  amount  is, 


Hi=g^(Wo  +  «?). 


In  many  of  the  older  examples  of  cast  iron  arched  hri^^i 
ribs  consist  of  a  large  mimber  of  small   cast  ir 
panelled  frames,  acting  as  voussoirs,  and  bolted,  do-, 
wise  connected  together ;  but  this  modo  of  conistracauu  n  a' 
in  strength  and  stability;   uud  iu  later  and  better  e: 
ribs  are  made  in  as  few  and  as  long  pieces  as  is  practii 
these  are  made  to  abut  firmly  and  accuraU^Iy  againht  «ach 
planed  surfaces,  and  are  connected  by  means  of  transvcne 
and  bolts.     In  cast  iron  arches  of  moderate  size  each  rib 
consists  of  tAvo  lengths  only,  bolted  together  at  the  m 
Southwark  Bridge  the  ribs  consist  of  pieces  of  20  feet  ii 
whose  ends  abut,    not   directly  tigainst  each  other,  bat 
transverse  plates,  which  servo  to  bind  the  several  pamlW 
the  bridge  together  crosswise,  and  through  which  the  flangi 
lengths  of  the  ribs  are  bolted  together.     In  the  new  W< 
Bridge  each  rib  consists  of  five  pieces,  the  aide  piooos 
cast  iron,  and  the  middle  piece  of  wrought  iron. 

The  subject  of  iron  arched  ribs  will  be  further  noiuiilenA  ' 
tioating  of  braced  iron  omihes  in  the  next  section. 


Section  IV. — Of  Iron  Framm. 


37d.  Iron  Ptatfoma. — A  platform 
ippoi-ted  by  iron  girders,  or  girders  n 
?yond  those  which  have  alrently  he 
""to  468,  Tegard  VXn^  Wd  ttt  tWi 


in  wliioh   timlirr  nlatil 


UtON  PLATFOBMS. 


'^be  Joists.     As  to  the  weight  of  platforms  with  their  loiiida, 
(k  466. 

As  to  the  distribatioa  of  the  load  of  the  platform  of  a  railway! 
'Swidge  amongst  the  girders,  aee  Article  341,  pp.  475  to  477. 

Iron  may  be  used  as  the  covering  of  a  platform  in  various  fomiai,.] 

X.  The  Barlow  Kail  is  u  good  form  of  section  for  supporting  very 
^e>a^y  lojids.  (See  fig.  230,  p.  518;  also  Article  3G6,  Example 
IXli.,  p.  523.)  When  proportioned  as  directed  in  the  example 
'^ted  (that  is  to  say,  the  sectional  area  of  the  table  =  the  joint 
■Area  of  the  quadrantal  wings  x  '273),  it  has  the  following  pro- 
^lerties: — 

Liet  R  be  the  radins  of  the  quadrantal  wings  measured  to  tho] 
iniddle  of  their  thickness. 

i,  their  thiclcnesa,  then, 


8ectional  ai-ea  of  Barlow  Rail  =  4  R  <  very  nearly  j 

The  neutral  axis  Ls  nearly  at  the  middle  of  the  depth;  and 

2  8 

Breaking  moment  =  _y^  R  x  area  =  ^yl  <  R-  nearly; 


•(!•) 


_  '  Ijeing  the  modulns  of  rupture  by  ci-nshing  or  buckling  of  tho  top 
table,  or  prolmbly  fri>m  3r>,000  to  35,000  lbs.  per  square  inch. 

II  Comigateil  Troii  should  be  »)  supported  that  tho  landing 
actioa  of  the  load  takeii  place  in  a  plane  parallel  to  the  ridges  and 
farrows.  Iron  laths  should  be  rivetted  acmss  the  rldgea  and 
fnrrows  to  prevent  them  from  spreading.  These  may  be  at  dis- 
tances apart  equal  to  about  twice  the  breadth  of  the  cornigationa. 

Let  b  denote  the  breadth  of  a  sheet  of  con-ugated  iron,  h  the 
depth  from  ridge  to  furrow;  t,  the  virtual  thicknets  in  inchest 
weight  in  lbs.  per  square  foot  of  horizontal  projection  -i-  40;  then 

4 
breaking  moment  =  v-/^  '»'•  •• (^) 

modulus  of  rupture, ./"=  34,200  lbs.  on  the  square  inch,  by 
Mr.  Hart's  experiments.  (See  the  Eiicjhw^r,  November,  lll!68, 
pa^r  355.) 

TTT.  Bending  Moment  of  the  Load  on  a  Plate. — When  a  rect- 
1  angular  plate  is  supported  on  two  parallel  edges,  the  bending^ 
oment  exerted  by  a  load  placed  u]K)a  it  is  Uie  same  as  that 
:erted  by  the  same  load  on  a  beam  of  the  same  span. 
When  a  rectangular  plate  in  firmly  supported  at  all  ita  four 
^gcs  by  joists  and  gii'ders,  the  bending  moment  is  diminished.  If 
thu  plate  is  square,  the  bending  moments  exerted  in  planeu  parallel 
its  two  ilimcnsions  are  equal  to  each  other ;  if  it  is  oblong,  tho 
it  bending  moment  is  exerted  in  a  plane  parallel  to  th 
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breadth,  or  lesser  dimension  of  the  plate,  the  tendency  bcnf' 
split  it  lengthwise  at  the  middle  of  its  breadth. 

The  following  formnlee  are  founded  on  a  theory  whidi  >  ^ 
approximately  true,  but  which  nevertheless  may  be  oonaiden'* 
involTe  no  error  of  practical  importance : — 

Let  W  denote  the  total  load. 

I,  the  length  of  the  plate,  between  the  supports  of  its  a^ 
b,  its  breadth,  between  the  supports  of  its  side  edgok 
M,  the  greatest  bending  moment. 


Case  L-— Square  plate,  load  uniformly  distributed; 


■■{*) 


Cask  Uii— Square  plate,  load  collected  in  the  centre; 


..w 


Case  III.  •*  Oblong  plate,  load  uniformly  dlstribated; 


M  = 


8{l*  +  b*)' 


Case  IV. — Oblong  plate,  load  collected  in  the  centre;  /!«■"• 
1-19  b} 

M  =  ^ZJii  (i) 

8{l*  +  b*) 

Case  V.— Oblong  plate,  load  collected  in  the  centre, /«?■"' 
or  greater  than  1-19  6; 


..(I.) 


being  the  same  as  for  a  plate  supported  at  the  tide  edges  O'^f'A 
Case  VI. — Circular  plate,  of  the  diameter  b,  supported  •U"* 
the  edge,  load  uniformly  distributed; 


Wb 

6<r 


•^ 


Cask  VIL — Circular  plate,  load  collected  in  the  centrti 


Wb 


.^ 


PLOoaiNO   PLATES— BVCKtED  PUTES. 


«4d 


Jait  Iron  Flooriny  Plains. — The  bresiking  moment  of  these 
to  bo  marJo  greater  tlian  the  bending  moment  of  the 
load  in  tho  ratio  of  a  suitjible  factor  of  tjafety  (such  as 

They  should  be  strengthened  by  means  of  vertical  ribs  or 
bera  on  tho  iipi>cr  siilc;  and  then  the  moment  of  resistance 
f  be  computed  as  for  a  trough-shaped  or  i-shaped  girder, 
^cle  367,  p.  524;  Article  163,  pp.  264,  265.) 
f.  Buckled  Wrought  Iron  Plates  (the  invention  of  Mr.  Mallet)  are 
les  of  various  figures  (usually  square  or  oblong),  having  a  slight 
rcxi^  in  the  middle,  and  u  flat  rim  round  the  edge,  called  the 
let  •"  and  are  the  Wst  form  yet  devised  for  the  ii-on  covering  of 
tttform.  They  are  usually  jJaced  so  that  the  convex  jMirt  is 
Ifiresscd,  and  the  flat  fillet  stretched,  and  when  they  give  way 
I^JUL  excessive  load,  it  is  usually  by  the  crushing  or  crippling 
PInonyex  part. 

let  2  be  the  length  of  that  section  of  a  buckled  plate  at  which 
^eatest  bending  moment  is  exerted  (according  to  the  princijile 
cd  at  the  beginning  of  Division  III.  of  this  Article,  p.  543);  A, 
depth  of  curvature  at  the  centre  of  the  plate;  t,  its  thickness, 

inches.     Then  the  moment  of  resistance  is  neoi'ly 


Y,f.lhi; 


.(10.) 


I 


jwn 
it 


a  modulus  of  rupture  by  cnuhing  or  crippling  the  plate  at 
or  most  convex  part     From  pnbliahed  results  of  experi- 

appeais  that  for  a  plate  36  inches  square,  including  the 
Inch  is  2  inches  broad,  with  a  curvature  of  1  -75  inch,  and 
thick,  made  fast  all  round  the  edges,  the  crushing  load  dis- 

over  the  plate  is  about  18  tons;  whence,  according  to 

yi=  21,600  lbs.  per  square  inch  nearly. 

loo-efficient,  like  that  expressing  the  resisti\nce  of  wronglit 

its  to  crushing  (see  Article  360,  p.    522,   equation    1), 

varies  with  the  proportion  of  the  thickness  of  the  plate  to 

1,  Iiaving  for  its  maximum  value  36,000 ;  but  suflicicnt 

have  not  yet  been  published  to  show  the  law  of  its 

precisely.     According   to   tho   table   of  safe   loads  for 

blatea  3  feet  square,  published  by  the  inventor,  the  safe 

nearly  as  the  square  of  the  thickness;  this  would  make 

pient  /^  xavy  nearly  in  the  simple  ratio  of  the  thickness 

"■  equal  breadth,  and  of  ])ro|)ortionate  thicknesses,  wit! " 

i>f  those  mentioned  in  the  table,  which  are  -048  inch 

3  factor  of  safety  adopted  being  4  tor  a  ^^fiaA:^  Vj 

joriag  load,  the  safe  loads  givcu  \u  t\io  \2\A»  io 

2if 
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plute  3  ftiot  sqoare,  ^  incli  thick,  and  with  1  '7S  inA  of 
are  4*5  tons  for  a  steady  load,  and  3  tons  for  a  moving  load. 
bucklud  platea  lucd  by  Mr.  Page  for  tbo  platform  of  th* 
WestziUBster  Bridge  measure  84  inches  by  36,  with  ik 
3^  inches>  and  thtckneas  of  \  inch ;  they   bear    1 7   tons 
centre  -without  giving  way.    According  to  Case  V.,  ibis 
toumaximum  thrustntthc  convoxpartof  17,920 lbs. per sqi 

The  M]uare  form  of  buckled  plates,  supported  and  Cksteoed  at 
the  four  odgca,  ia  the  most  favourable  to  strongth. 

376.  ir»n  Raofa. — Au  iron  roof  may  cither  be  nuuio  entitdjoC 
iron,  or  the  framework  may  be  of  iron  and  the  oovpring  of 
other  material  As  to  the  construction  and  weight  of  vaiioTUHrti 
of  ooveriiig  for  roo&,  Me  Article  337,  p.  4CS.  To  tho  aorta  tl 
oovering  there  described  there  may  now  be  added  ImeiM  im 
platag,  already  described  in  tbo  liuit  article;  the  thickneeaeaaiukdftr 
roofing  being  from  l-20th  to  UlOth  of  an  inch. 

The  framework  of  iron  roofs  innsists  of  parts  analogous  to  lb* 
already  described  in  treating  of  the  framework  of  timber  roufiii 
Articles  338,  339,  pp.  460  to  47o,  with  tho  oxooptioa,  that  a 
roofs  covered  with  sheet  iron,  whether  plain,  cormgatad,  • 
buckled,  tho  "common  mftt'rs"  are  unnecessary;  tho  oorang 
being  supported  on  horizontal  T-iron  or  angle  iron  bars,  wLidi  Ml 
OS  Litlis  or  as  jnirlins,  and  which  are  themsclvi's  supported  on  lb« 
principal  iiifters.  Those  principal  rafters,  and  the  trusses  to  wbidi 
thoy  belong,  are  placed  «t  rt^lar  distances  of  from  2  feet  6  iscba 
to  7  feet  .111111-1 ;  tlic  average  distance  is  about  5  feet. 

Tho  gcnonil  designs  of  those  frames  or  trusses  are  ann 
those  used  in  timber  roofe;  and  in  the  computation  of  tl. 
and  pulls  along  the  several  pieces,  the  same  formulsa  are  n : 
(See  Article  339,  pp.  469  to  475.)  In  iron  roof  trusses,  ..■■ 
there  is  seldom  a  tie-beam;  the  principal  tie  being  usually  a 
rod,  suppoi-ted  at  one  or  more  points,  and  having  no  t 
load  except  its  own  weight  between  the  supported  [uints. 

To  the  examples  of  roof  trusses  given  in  Article  33y,  ranh 
added  the  foUowiug,  which  illustrates  a  kind  of  secondary  tnaan| 
peculiar  to  iron  roofs  us  distinguished  from  timber  too£i : — 1  *^b 


ng.  2S1. 


Fthe  primury  Irtws,  cotvmVm^  o'i  ^^  \wti  x«S^Rn  ^^  2j  1  3,  and  ( 
1  principal  tie-rod  'i  i.     T^o  "iuwi  \!Qa  sSwNBaes.  «a.  \v&>2Mtnas«Mj 


JLalfihe  weight  of  a  division  of  the  iY>of  to  be  concentrated  at  the 
|X)iut  1,  and  proceed  as  in  Ai-ticle  339,  Case  I.,  p.  469. 

1  3  4  IB  a  MCfnuUtry  tntsg,  supportiug  the  middle  point  5  of  the 
tafler  by  the  aid  of  the  strut-brace  4  5.  Conceive  one  qitarUr  of  the 
ircight  of  a  division  of  tlie  roof  to  be  concentrated  at  5,  and 
proceed  as  in  Article  119,  tigs.  102,  103,  p.  182. 

5  6  3,  1  7  5,  are  smaller  secondary  triuses,  gimilar  to  1  3  4,  but  of 
tedf  the  dimensions,  and  each  gnstaining  one-eigJUJi  of  tlio  weight  of 
k  division  of  the  roof 

The  points  of  gnpport  of  the  rafter  may  thits  be  multiplied  to 
my  required  extent. 

The  total  or  resultant  stress  on  each  portion  of  each  bar  of  the 
Suss  is  to  be  determined  by  the  aid  of  the  principle  of  Article  121, 
1.184. 

Thus  the  pidl  on  the  middle  division  of  the  great  tie-rod  is 
imply  that  due  to  the  primary  truss,  12  3.  The  pull  on  4  7  is 
imply  that  due  to  the  secondary  truss  14  3.  The  pvdls  on  5  7  and 
fi  6  are  simply  those  due  to  the  smaller  secondary  trusses  1  d  7,  a  C  3. 
rhe  pull  on  1  7  is  the  sum  of  those  due  to  the  ti-ussea  143  and  1  7  d. 
rhe  pull  on  6  4  is  the  sum  of  those  due  to  the  trasses  12  3  and  14  3. 
The  pull  on  6  3  is  tlie  sum  of  those  due  to  the  trusses  1  2  3,  1  4  3, 
vad  5  6  3.  The  thrust  on  each  of  the  four  divisions  of  the  raflcr  1  3 
B  the  sum  of  three  thrusts,  duo  to  the  primary  truss,  the  larger 
IBOondary  truss,  and  one  of  the  smaller  secondary  trusses  re> 
Ipcctively. 

As  to  the  effect  of  eambering  the  priiteipal  tie  by  bracing  it  up 
to  die  top  of  the  truss,  see  Article  119,  fig.  100,  p.  181. 

In  the  eonBiruction  of  iron  roqf-trusaes  the  mftera  are  usually 

\de  of  T-shaped  or  H-shaped  iron  bars,  and  the  struts  of  T-Lron 

_»ogle  iron  bars,  or  any  con\Tenicnt  form  for  resisting  thrust 
the  strength  of  stinita  of  these  and  other  figures,  aee  Article 
pp.  521  to  524.  The  divisions  of  a  rafter,  and  also  the 
may  be  considered  as  hinged  at  the  ends.  For  the 
cut  iron  is  sometimes  employed.  (See  Article  365,  p. 
i20.)  The  smaller  ties  are  usually  rotmd  or  square  rods;  the 
ties  are  sometimes  flat  bars  set  on  edge.  The  foot  of  a 
may  be  connected  with  the  end  of  the  gi-eat  tie-bar  by  a  gib 
key  traversing  an  oblong  slot  (Article  361,  p.  516);  or  the 
foot  of  the  i-afler  may  abut  into  a  cast  iron  shoe,  to  which  the  tie- 
rod  may  be  fastened  by  a  key,  a  pin,  or  a  screw  and  nut.  (Article 
362,  p.  516.)  The  oblique  aud  vertical  ties,  or  suBpending-pieccs, 
generally  have  jaws  or  forks  at  their  upper  ends,  where  they  are  hung 
from  the  rafters  by  means  of  pins,  and  screws  at  their  lower  ends, 
Kfhere  they  are  connected  with  the  struts  and  with  the  great  tie-bar 
iby  means  oS  ji'mchiag  nxiia,     A  central  vertical  sas^\i«Y\\\^-"c«A  ' 


called  a  *' king-bolt;"  lateral  vertical  suspend ing-rocU  aro 
"  quOLm-bolts," 

A  roof  may  have  arched  iron  ribe  instead  of  rallers. 
their  uli-ongth,  see  Article  374,  pp.  637  to  542.     Aa  to  the 
on  a  Homicirciilar  rib.  800  the  foitnulcD  for  such  riba  when 
tim>>er.  Article  345,  pp.  481,  482. 

A  eimple  and  light  roof  for  moderate  spans  is  made  br  osbf; 
bent  sheets  of  corrugated  iron  so  as  to  act  at  once  as  a  covering  aad 
an  arch,  the  thrust  ut  the  foot  being  resisted  by  horizontal  tie-roik. 
Ah  to  the  J  tivtigth  of  comigated  iron,  see  Article  375,  p.  543. 

377.    IrAii    Umcrd    iUrirrm — aencml    Dcslcn. IrOU     tnUBH  OT 

braced  girders  are  aniilogons,  in  their  figure  and  in  the  action  t4 
the  lond  iii>on  thetn,  to  the  timber  " bridge  trusjses"  already  dettTibed 
in  Article  341,  p.  475,  and  the  same  formulaB  are  to  a  great  extent 
njipliaiVile  to  lx»th.  The  chief  differences  are,  that  pieces  vhi<^ 
act  altenmtely  nn  struts  and  as  tie«  are  more  frequently  found  in 
irou  tliau  in  timber  trusses;  and  that  ia  iron  trasses  figure* 
frequently  occuf  which  resemble  those  of  timber  trusses  invcrud, 
so  that  the  ties  become  struts  and  the  struts  tiea. 

For  the  (iiKtribution  of  the  load  amongst  a  eet  of  parallel  bridgo* 
girders,  sec  pp.  475  to  477. 

The  following  are  examples  of  the  general  designs  of  irom  fanoed 
girders  :— 

I,  Triangular  Truts. — (See  fig.  252.)    This  exactly  r««emU« 

the  triangular  timber  truss,  fig.  207, 

p.   470,  inverted;  B  B  being  a  strut, 

supported  in  the  middle  by  the  strut 

1  D,  and  the  tie-rods  A  and  C.    The 

Fig.  861  stress  on  each  of  its   pieces   may  be 

computed  by  means  of  the  fonuulse  1,  p.  470,  substituting  thnul 

for  tension,  and  ten.sion  for  thrust. 

If  each  of  tlie  divisions,  B,  B,  of  the  horizontal  stmt  acti  alio 
as  a  beam,  Bupjwrting  n  distributed  load,  the  greatest  intenaitv  <£ 
thrust  amongst  its  particles  is  to  be  computed  by  the  fonnul* 
(already  given  for  ai-ched  ribs), 


-i(^^H); : „, 


■which  H  is  the  horizontal  thrust,  computed  aa  in  p.  470; 
M,  the  bending  moniont; 
A,  the  sectional  area  of  the  strut  B  B ; 
hj  its  dc\it\i-, 
a    a  factor  Ae^wAxu^  cfu.  x^a  ^^ax^i,  »»  "«*  -^^u^v^ 
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By  transposing  p  and  A  in  equation  1,  above,  it  becomes  a 
bmiula  for  computing  the  required  sectional  area,  p  beiug  made 
equal  to  the  greatest  -n'orking  thrust  per  square  inch. 

II.  Trapezoidal  Truss, — (See  fig.  253.)  This  resemble*  the 
inipczoidal  timber  trusa,  fig.  200,  p.  470,  inverted;  B  B  B  being 
k  horizontal  strut,  supiwrbed  by 
vertical  struts  K.  K ;  A,  F,  and 
C,  ai-e  the  principal  tiesj  G,  G, 
kie-braoes,  which  act  only  when 
Ihe  points  5  and  6  are  unequaUy 
oaded.  F«-253. 

The  greatest  stress  on  the  princiiml  pieces  takes  place  when 
loth  points  5  aud  6  ai'c  fully  loaded. 

liSt  W  denote  the  greatest  load  on  each  of  these  points  (in- 
cluding one-quarter  of  the  weight  of  the  truss  itself)  j 

c,  the  half-span  of  the  truss; 

X,  the  distance  of  each  of  the  points  5  and  6  from  the  middle 
of  the  span; 

Ck,  the  depth  of  the  triLsa,  measured  from  the  centre  of  the 
horizontal  strwt  B  B  B  ttt  the  centre  of  the  horizontal 
tieF; 
H,  the  total  thrust  along  B  B  B,  and  total  tension  along  F ; 
T,  the  total  tension  on  each  of  the  inclined  ties,  A,  C; 
then 

H=W(o-a!)  +  Aj  T=  J(H2  +  W2). (3.) 

To  find  the  greatest  amount  of  tension,  S,  on  each  of  the 
(liagonal  braces,  G,  G,  let  W  be  the  greatest  excess  of  the  load  on 
either  of  the  pouits,  5,  6,  above  the  load  on  the  other  point;  then 
laa  in  equation  i,  p.  477), 


GHjei 


^'ih'^'jTO--^^'^^- w 


ing  the  weight  of  one  of  the  braces. 
The  greatest  thrust  on  each  of  the  vertical  struts  K,  K,  is  given 
hy  the  expression, 

.(3  a.) 


2  c       4 


in  which  B  denotes  the  weight  of  the  horizontal  strut  B  B  B,  and 
K  that  of  the  upright  itself. 

III.  Ziff-ioff  Truss,  or  Warren  Girder. — ^TVvia  gitdct  codku^  o1 
tpper  mid  lower  horizontal  booms,  the  former  ot  -w'bi.Oa.  *c^»  **  ^ 
truty  and  the  latter  aa  a  tie,  in  resistmg  the  \)eiidinft  wido^  oi^  '^^' 
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load;  of  n  aeries  of  diagoQal  faraocs  fonuing^  a  zig-aig,  iHiidi 
the  dbeexing  action  of  the  load  by  tlinist  and  tcuBson  ul 

aud  in  soma  oaaes  at  • 

* *^- <^—    . — -J.     of  vertical  sospettdintf-ioii  » 

/  hang  cztwB-joistA  fromuuf  uT<^ 
row  of  joiuts,  socfa  as  1»  Ji ' 
N-1,  iu  fig.  25.1. 

Fig.  254  repree«ntBthe| 
red  design  of  a  Warrea 
Buited  for  supporting  a  platform  above  it,  at  tho  poonts 
•with  tlie  even  numbura,  2,  4,  G,  tkc.  (as  iu  tho  Ci-umliti  V; 
fig.   228,  p.  494).     Kg.    255   ropresentsj   the  general    " 
Warren  girder  suited  for  supporting  a  aeries  of  croes-j 
it,  hung  from  all  the  joints,  1,  2,  3,  4,  5,  6,  Ac,  N  —  I. 

The  actions  of  tho  load  on  this  girder  ore   computed '1 
method  already  exphiined  in  Article  IGO,  pp.   230  to  2^' 
plied  to  a  beam  loaded  at  detached  pointH.     When  errrr; 


O  3t  U  IT 

Fig.  256. 

equally  loaded  (as  in  fig.  255),  the  formnla  for  tho  bendjng ' 
at  any  cross-isection  is  that  of  Article  161,  Case  V  JJ_L,  p.  24 
computing  tho  fihearing  force,  regard  must  be  had  to  the 
a  travelling  load,  as  explained  in  Axtiole  1 61,  Case  IX., 
248. 

The  most  convenient  method  of  oompatiog  the  strav 
piece  of  a  Wan-eti  girder  is  by  means  of  a  series  of 
Bubtractious,  general  ibrmuke  being  only  uaed  to  check  tlrti 
curacy  of  the  results. 

The  first  step  ie  to  numlier  all  the  joints  of  the  girder,  as  ial 
figures,  designating  one  of  the  points  of  supjKjrt    •  -  •'    '^Kf 
other  as  N;  N  being  the  number  (always  even)  of  : 

divisions  into  vrhich  those  joints  divide  the  span.      ;. 
the  nimiljcr  affixed  to  any  particular  joint; 

ly  the  span  of  the  girder; 

k,  its  depth,  from  centre  to  centre  of  the  hodzontal  booou; 
I  the  length  of  each  diagonal  brace ; 


tWjdflii 
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and  N  •(- 1 ;  thus,  F^  ia  the  shearisg  action  between  0  and  1 ; 

F],  between  1  and  2,  6ca, 

H„  the  pull  or  thrust,  as  the  case  maj'  be,  upon  that  piect  of  a 

horizontal  boom  which  liea  between  the  joints  n  —  1  and  ?t  +  1 ; 

that  is,  opposite  the  joint  n;  for  example,  Hj  is  the  tension  on 

0  2  in  fig.  255,  or  the  thrust  on  0  3  in  fig.  254 ;  H^  is  the  tlirust 

on  1  3  in  fig.  255,  or  the  tension  on  1  3  in  fig.  254  ;  and  so  on. 

The  most  severe  bending  action  at  each  cross-section  takes  place 

hen  the  girder  is  loaded  over  the  whole  span;  the  most  severe 

earing  action  at  any  given  cross-section,  when  the  lai'ger  segment 

the   s]>an  is  loadc«l  and  the  shorter  unloaded;   therefore  the 

rmer  su[)position  must  he  made  in  computing  the  .stress  on  the 

orizontal  booms,  and  the  latter  in  computing  the  stress  on  the 

iagoual  braces. 

Two  cases  may  be  distinguished;  that  of  fig.  255,  in  which  the 

load  is  applied  at  every  joint,  and  that  of  fig.  254,  in  which  the 

lead  Ls  applied  at  the  joints   marked  with  even  numbers  only. 

jTho  former,  though   the  more   complex  in  construction,  is   the 

■inipler  in  calcidation,  and  ia  therefore  taken  first. 

I    Case  I. — EcuJi  joint  loaded.     Let  the  fixed  part  of  the  load  on 

joint  be  to,  the  rolling  part  lo';  so  that 

W  =  (w  +  uO(N-l), (4.) 

the  full  load  of  the  giixier. 

To  find  the  fforisonUU  Stresses. 

Compute  the  supporting  pressuiv  (Fq)  at  each  of  the  points  0 
md  TS  by  taking  half  the  lull  load ;  that  is  to  say, 


1,      ^     f         .A    N-1 


.(5.) 


Then  oomirate  the  first  term,  and  by  successive  subtractions  of 

Bie  quantity  jj^^  (to +  ««/),  all  the  other  tenuR,  of  the  following  series, 

«rhich  is  that  of  the  shearing  actions,  each  multiplied  by  the  ratio 
of  the  length  of  one  horizontal  division  of  the  span  to  the  depth  of 
^e  girder. 


=N*^»"-r*<«'^*"')' 


002 


XAXEBIAXJI  MXO  wi'jujunjni. 


V,.|'' 


I         ! 


Then  the  aeries  of  horiaomtel  attuw  on  the  asvenl  d 
of  tlie  boomB  are  to  be  oompated  bj  wwouMiio  addit 
foUows>— 


'Wi 


'o» 


I 


The  test  of  the  aecaxacy  of  this  series  of  calcnlatioDB  is, 
the  middle  horizontal  piece,  whose  number  is  N  -r-  3,  it  shoo 
result  agreeing  with  that  of  the  following  fbrmnla : — 

^r^^"*"*""^ 

This  is  the  maximnm  yalue  of  H,  which  has  equal  yt 
pieces  equally  distant  from  the  middle  piece. 

The  value  of  H  for  any  particular  piece  whose  number  i 
be  tested,  if  required,  by  the  following  formula : — 


IT        ^    /         _^  n(N-n) 


Tojmd  the  Diagonal  Stresses  due  to  the^fixed  part  o/tha  1 

Let  the  stress  produced  by  the  fixed  part  of  the  loac 
diagonal  brace  which  lies  between  the  joints  n  and  r 
denoted  by  T..  This  wiU  be  a  pull  or  a  thrust  altema 
cording  as  the  brace  in  question  slopes  downwards  or 
towards  the  middle  of  the  span.  The  values  of  this  s' 
computed  by  a  series  of  subtractions  of  the  oonstaat  c 


««o 


asfoUows: — 


^•""IT  -2-' 
T  -T  -'-^^ 


T,-T,-. 


SIO 


li 
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i«  accnracy  of  the  oalculationa  is  tested  by  the  rule,  that  for 
races  adjoining  the  middle  joint  of  the  girder,  the  i-esiilt 
I  be  «  to  -^  2  A;. 

inJ  tlut  Diagonal  Stresses  due  to  tlie  rolling  -pari  of  tin  Load. 

ae  stresses  are   proportional   to    the   Beriea   of  "  triangular 

5rs,"  0,  1,  3,  6,  10,  (tc,  -which  result  from  the  successive  ad- 

of  the  natural  nutuLera,  1,  2,  3,  4,  itc.;  and  they  are  to  be 

ited  as  follows: — By  successiTe  additions  of  the  commoa 

m  ff/f 

nee  „  , ,  form  the  following  arithmetical  series,  containing 
termsi, 


„avJ     ,  (N-l)««/  ,,,. 


curacy  of  the  additions  being  tested  by  the  direct  computation 
I  last  term  of  the  series.  Then  compute  the  following  series 
stresses,  by  beginning  with  0,  and  adding  successively  the 
^the  preceding  series; 

1  So  =  0; 

sl the  a 


^-Wk* 


S2=;;^+2 


8  u/ 

WJc- 


kc,  =  kc. 


.(12.) 


the  accuracj'  of  the  calculation  by  the  direct  computation 
last  term,  viz. : — 

(N-l)»«/ 


8,-,=; 


2k 


.(13.) 


ride  this  series  of  N  terms  into  two  halves,  and  range  the 
of  the  second  half  beside  those  of  the  first  half  in  inverted 
;  thus 

%  ^-1  1     . 


1 

8.-. 

• 
• 

* 
• 

8. 
ic. 

ic. 

.(U.) 
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Then  for  anj  given  diagonal,  whose  numlxT  ia  n  (Utftjl 
Iiesbt;tweeuth(«joints7iaDdn  +  l),tlici:{>  iTopODli 

nuiuber  in  the  iirst  column  (S.)  will  be  u. .  ^.  ,.icai 
by  the  rolling  load,  of  the  contrari/  kind  (thrust  or 
chioed  by  the  fixed  load ;  and  the  qitantity  in  the  , 
~      and  column  (Si,_,_ ,)  will  be  the  greatest  stress  [ 
rolling  load,  of  the  eame  kind  with  that  produced  hj  the  I 

To  find  the  grecUeei  ntuitcmt  Stre$6  on  each  Dmgomd  j 
(1.)  For  the  braces  which  slope  uptpardi  towards  tbel 
the  span,  take  the  sum  of  the  stress  due  to  the  fixed 
greatest  stress  of  the  sanie  kind  due  to  the  rolling  !t)<ul,( 
by  the  formula, 

T.  +  a._._.; ..-4« 

the  result  wUl  be  the  most  severe  stress,  and  will  be  a  MrB4_ 

(2.)  For  the  hraoes  which  slofw  dowmtxirdt  towaxd*  \ 
of  the  span,  make  the  same  calculation;  the  result 
grecfteat  streaSy  and  will  be  tenaxoii. 

But  when  a  piece  of  wrought  iron  is  erposwl  alt 
ten&ion  and  thrust,  tlie  thrust,  although  less  than  the 
be  more  severe,  on  account  of  the  smaller  capacity  of  (be  j 
for  i-esisting  it.     To  ascertain  whether  this  is  the  cauK  fori 
cular  brace  sloping  downwards  towards  the  middle  cf  i 
com])are  the  tension   ])roduced  by  tlie   dxcsl  load 
grecUest  thrust  produced  by  the  rolling  load  (3,);  and  I 
the  greater,  the  excess 

S.-T,, 


will  be  the  greatest  thrust  to  be  borne  by  the  braoe  u  i. 

Case  II, — The  joints  marked  witft  «w»  tmtmbmt  toaitJA 
unloaded.     In  this  case  the  full  load  is  expressed  as  {oil 


W  =  («,-f-«y)d-l). 


com 


Tofijid  the  Ilorlzonlal  Stresses 
ipute  the  supposing  pressui'e  at  the  jx)iat  0  M  foUowt^-^ 


1.      W     , 


o(?-D- 


Then  compute  the  following  srries,  of  whi. 
by  pairs,  each  pair  hjiug  less  than  the  prct 
I 
,  («>  +  «*)  :— 


zia-ZAa  OS  wa&rek  oihdeb. 


....(19.) 


dra,     ill:c.,     du:. 

)  test  of  the  accuracy  of  these  calculations  is,  that  for  the  division 
ling  ibe  middle  joint,  the  resolt  should  be  as  follows : — 

£  ihe  middle  joiat  is  loaded;  that  is,  if  ^  is  even,  — 5 — *TT7. 


.N 


f  the  middle  joint  is  unloaded ;  that  is,  if -^  is  odd;  0, 

J  aeries  of  horizontal  stresses  are  computed  by  sncceaslTe  ad- 
a,  precisely  as  in  Case  I.,  viz. : — 

H,  =  j/^.Fo;  H,  =  Hj  +  jlj;F,;  &c (20.) 

I  test  of  the  accuracy  of  this  series  of  calculations  is,  that  for 
liddle  horizontal  piece  it  should  give  a  result  agreeing  with 
»f  one  or  other  of  the  following  formulas : — 
!J  -J-  2  ia  even, 

tH.=^;(«,-.»); (21.) 
3  is  odd. 


=!-'S^'(«'-^"> <^^) 


To  find  the  Diagomd  Strates, 

BJculations  are  the  same  as  in  Case  I.,  with  the  following 

Lcations: — 

N. 
ronghout  all  the  calculations,  -^  is  to  be  substituted  for  N;  that 

N 
irj,  the  girder  is  to  be  treated  as  having  -^  instead  of  N  divisiona 

N 

:h  of  the  series  (10),  (12),  has  -^  instead  of  N  terms. 

3  series  (11)  hu-^— 1  instead  of  N — 1  terms. 

N" -4-2  is  odd,  there  will  be  a  middle  term  in  the  series  (12); 
chen  the  second  half  of  the  series  is  ranged  in  inverted  orderj 
>  the  first  ImJi",  as  in  the  table  (14),  that  m\d<Wtt  IctTLtv  \?.  \o'^ 
D  at  the  bottom  of  each  column. 
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Each  of  the  results  denoted  by  T  and  8  in  the 
(11),  and  by  their  sums  and  differences  in  the  formalc 
apjiiies  to  a  pair  of  adjacent  diagonal  braces,  one  slopii^ 
and  the  other  downwards  towarcls  the  middle  of  the  span. 


Tj^j  Sp  Ss^j, 


UB, 


To,  Sp,  Sj,_  ^,  apply  to  the  braces  0  and  I ; 

„      2  and  3; 

and  generally,  i 

T„  S„  Sm  _       ,  apply  to  thebraces  SnandSufli 

The  ordinary  angle  of  inclination  of  the  braces  in  di 
girder  is  G0°;  in  which  case  some  labour  of  calcnlatiaDtii 
the  fact  that  the  length  of  a  brace,  *,  is  equal  to  the  duM 
joint  to  joint  along  one  of  the  booms,  2  ^  -e-  N. 

Example  of  Case  II. — Sup|)ose  the  design  of  the  girder  tij 
fig.  254,  and  to  consist  of  17  equilateral  trtangleei,  so  tiuftl 


^.=  -l=  =  -57735;|==M547; 


if  k 


4 


.1^ 

fnR 


also  let  the  loads  on  each  of  the  points  2,  4,  6,  8^  10, 
respectively 

fixed,  10  =r  12,000  IbBL 

rolling,  «/=  18,000  Iba. 

Thia  in  nearly  the  case  for  a  railway  bridge  girder  of  1 
supporting  half  the  load  of  a  line  of  rails.     The  supportia}[  ^ 

Fo  =  (w  +  to)  •  (1^  -  1)  =  120,000  Iha. 

The  following  table  ahowa  the  calctiiatiozk  of  tb* 
stresses: — 


Lbs. 
17320*5 

i73ao'5 
17320-5 

x73ao'5 


0,18 

1,17 
2,16 

4,14 
S.13 
6,1  a 

7." 


LU. 
69382*0 
69282'o 
51961-5 
51961-5 
34641-0 
34641 o 
173205 

»  73305 
o 
o 


H 

Lba 

69382-0 
138564-0  pull 
1 90525 '5  thrust 
243487 'o  pull 
27  7 1 28 -o  thrust 
311769-0  pull 
329089-5  thru 
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verification  of  the  lost  result  is, 

|bg  =  ^^g^^^^  (w  +  to*)  =  20  .<  17320-5  =  346410. 

following  are  the  calculations  of  the  stresses  on  the  braoea^^ 
the  fixed  load : — 

■    To  =  t^(^-^)  =  13856-4  X  4  =  65425-6 


8U) 
k 

T 

M,  for  braces  to  wiiich  the 
results  are  applicable  as 

Lba. 

Lbs. 

TUrnsl. 

PalL 

13856-4 
13856-4 

55435-6 

1,16 

0,17 

41569*2 

3,M 

3,15 

138564 
13856-4 

37712,8 
13856-4 

5," 
7,10 

4.^3 
6," 

o  8,9 

following  table  shows  the  calculation  of  the  gi^atest  stresses 
ied  by  the  roUiitg  load : — 


9Vf 

S 

ji,  for  braces  to 

which  the 

^i 

results  arc 

applicablu  as 

UN. 

T.1M. 

Lte. 

Thrust. 

PulL 

0 

0,17 

i,t6 

2309-4 

309*4 

4618-8 

2309-4 

2,t5 

3,U 

309-4 

6928-3 

6928*2 

4,t3 

5»" 

309*4 

9237-6 

13856-4 

6,11 

7,10 

309-4 

1 1547-0 

23094-0 

8,9 

9,8 

309-4 

13856-4 

346410 

10,7 

11,6 

309-4 

1 6 165-8 

48497-4 

12,5 

I3»4 

309-4 

18475-2 

64663'2 

14,3 

15,2 

k 

831384 

i6,\ 

11  ,Q 
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The  verification  of  the  accuracy  of  the  additions  is  girca 
fi>llowiDg  calculation : — 

^  ^  -  I)  =  20784-6  X  4  =  83138-4 

The  following  table  shows  the  combined  actions  of  the  fix 
rolling  loads  on  the  braces;  S'  denoting,  for  b^e^•ity'8  id 
smaller  value  of  B  for  the  given  brace.  Thmsls  are  doioti 
pulls  by  p : — 

S 


n 

T 

s 

S' 

T  +  S 

Lhs. 

Lbs. 

Lbs. 

Lbs. 

0,17 

55425-6  p 

83138-4  P 

0       t 

138564-0  p 

1,16 

55425-6  « 

83138-4  t 

0       p 

138564-0  < 

2.15 

41569-2  p 

64663-2  p 

2309-4  t 

106232-4  p 

3,14 

41569-2  t 

64663-2  t 

2309-4  p 

106233-4  < 

4,13 

27712-8^ 

48497-4  p 

6938-2  t 

76210-2  p 

5,13 

27712-8  t 

48497-4  « 

6928-2  p 

76210-2  t 

6,11 

13856-4/) 

34641-0  p 

13856-4  t 

48497-4  P 

7,10 

13856-4  t 

34641-04 

13856-4  ;> 

48497-4  t 

8,9 

0 

23094-0  p 

23094-0 1 

230940  p 

23 

The  accuracy  of  the  numbers  in  the  columns  headed  T 
S'  —  T  may  bo  checked  by  setting  down  the  former  in  direc 
and  the  latter  in  invertetl  order,  and  taking  their  second  difli 
which  ought  to  be  constant,  and  equal  to2«t(/^Nit;tiH 
the  present  case,  2309-4.     The  following  is  the  process : — 


First  Diff. 

Second  Di£ 

138564-0 

32331-6 

106232-4 

30022-2 

23094 

76210-2 

27712-8 

2309-4 

48497-4 

2309-4 

254034 

23094-0  2309-4 

23094-0 

o 

It  appears  from  the  values  of  S'  —  T  that  in  the  example* 
the  two  middle  braces  alone  act  alternately  as  struts  and  ties 
a  rolling  load. 

It  is  unnecessaiy  to  give  a  numerical  example  of  the  caknl^ 
in  Case  L;  for  they  differ  from  those  in  Case  II.  only  in 
more  ample. 

IV.  .^  Iron  LollMie  Gvtdar  «nDS5aiu&  «snR,Tvtially  of  s  f 


^^^ra 
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Emtal  booms  to  resist  tlie  bending  action  of  the  load,  and  of 
leries  of  diagonal  braces,  inclined  opposite  ways,  nsnally  at  45'', 
list  the  ehearing  action.  There  may  also  be  upright  ribs,  one 
ch  loaded  point,  and  one  or  more  at  each  point  of  support,  to 
,bute  the  load  and  the  supporting  pressures  amongst  the 
xial  bra<%s.  Although  these  upright  pieces  are  not  absolutely 
tial,  except  at  the  points  of  support,  it  is  advisable  not  to  omit 
.  Tlxeir  strength  is  to  be  fixed  according  to  the  same  prin- 
I  with  that  of  the  upright  riba  of  plate  gliders;  Article  370, 
don  VL,  p.  530. 

<  compute  the  stresses  on  the  pieces  of  a  lattice  girder,  one  of 
dints  of  support  ia  to  be  ilesignated  as  0  and  the  other  as  N, 
leing  the  number  of  di^'ision9  into  which  the  loaded  pointa 
»  it) ;  and  the  loaded  points  are  to  be  numbered  consecutively 

ltoN-1. 

oomputations  respecting  the  shearing  action  of  the  load,  F,,  is 
edgnate  the  shearing  action  in  the  division  of  the  girder 
een  0  and  1,  Fj  between  1  and  2,  &c.,  and,  generally,  F, 
een  n  and  »i  + 1 ;  but  in  computations  respecting  the  hori- 
t2  drmaea,  which  depend  on  the  bending  action,  H^  is  to  denote 
tress  on  the  booms  at  a  vei-tical  section  traversing  the  point  1, 

lis  bedng  understood,  the  calculation  of  the  thrusts  and  polls  on 
boriBontal  booms  is  to  be  proceeded  with  precisely  as  for  Case 
a  zig-zag  girder;  formulse  5  to  9,  pp.  551,  552. 
>  find  the  stress  on  the  lattice  work,  compute  the  two  series  of 
itities  T,  +  Sji_«_,,  S,  -  T„  for  the  several  divisions  of  the 
iT,  as  for  a  zig-aig  girder,  Case  I.,  formulae  10  to  16,  pp.  552  to 
and  ass\imo  eacli  of  those  forces  to  bo  equally  distributed  amongst 
attice  bars  that  traverse  tho  division  of  the  girder  to  which  it 
)g8.  This  assumption  of  equal  distribution  is  not  exact;  but 
rrora  are  not  of  practical  importance. 

the  loaded  points  are  numeroiis  and  near  each  other,  the 
it  may  be  treated  as  an  imiformly  loaded  beam,  Articlo  IGl, 

VI.,  p.  246;  and  Case  EX.,  p.  247. 

.  Zig-zag  and  LiMice  Continuous  Girdert. — In  both  thesd 
es  of  girders  the  effect  of  continuity  over  the  piers  may  be 
juted  as  follows : — 

klculate  the  horizontal  stress  on  each  division  of  the  girder, 
1  fully  loaded,  on  tho  supposition  that  it  is  discontinuous  at  the 
;  and  let  H_  be  the  result  thus  obtained  for  the  middle 
santal  bar.    Then 


I 
I 


I 

I 
■ 


B,' 


2  w  +  vi 


H, 


\'i."J>^» 


^ 


» 
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■will  lio  the  tension  on  the  upper  boom,  aud  tftrust  on  i 
of  A  (Hjutinuoiis  girder,  over  the  piere,  when  its  »{>&»s  at§\ 
loaded  and  tmloaded;  and  tho  d\jffer«noe  between    Hum'' 
BtrcBs  H,  ulix'iidy  calculaieil  for  any  given  bar  of  tbe 
posL'd  discoutiuuous,  will  be  the  stress  on  that  bar  when  the| 
is  continuous  and  loaded  on  idternate  spans;  that  is  to 


H.-H^ 


When  this  expression  is  negative  (that  is,  when  H,  ia 
tcnn),  the  kind  of  stress  i«  reTencd.  When  it  is  =  0, 
a  point  of  contmry  flexure. 

378.    Iroa    Bmrcd    Qirden — CoMXrurtlsn. L    GtMttU  Roi 

Various  iron  trusses  or  braced  girders  have  been  mado,  in  l| 
the  struts  are  of  cast  iron  and  tho  ties  of  wrought  iron,  adttl 
being  thus  ttvken  of  tho  greater  resistance  of  cast  iron  to  enai 
iiml  iif  wrought  iron  to  tearing;  but  the  greater    liahtlily 
brittleness  of  cnat  iron,  and  the  rapid  diminntion  of  its  resut^ 
to  crushing  as  tlie  pi-oportion  of  length  to  diameter  incre>8as(il 
•which  see  Article  3Go,  p.  520),  have  led  to  tho  general  einplorai 
of  ivTought  iron  for  the  struts  as  well  as  for  the  tiee,  caw  Uj 
taken  tliat  the  stmts  arc  of  figui-es  suited  to  resist  a  thrust,  hjhtri 
sufficient  lateral  stiffness.     When  a  piece  acts  alternately  u  *  ill) 
and    as  a  tie,   it  mu»t  have  suflicient  total  sectional  Am, 
sufllcient  stiffness,  to  resist  the  greatest  thrust  that  can  »et, 
sufficient  effective  sectional  area  to  resi.st  tbe   greatetrt 
which  can  act  along  it.     Tlie  straight  lines  of  resistance 
connect  the  centres  of  the  joints  with  each  other  ought  as 
as  prHcticablo  to  coincide  with  tho  centres  of  the  cro«s-Mctiooi 
the  several  Ijurs  of  the  framing,  in  order  to  prevent  uneqiuil  ii\ 
(See  i«pcr  bv  Mr.  C.  E.  Reilly,  Proc.  Imt.,  25th  April,  18Co.) 

II.  Tlic  Trape.z(nclal.  Truss,  already  treated  of  in  the  pram" 
Ai'ticle,  p.  54il,  and   represented   in    fig.    253,   was  u«ed  on 
enormously  large  saile  by  the  second  Bi-uucl  in  the  railwHy  vLn 
over  the  Wye  at  Chepstow,  the  largest  span  of  which, 
300  feet,  is  crossed   by  two   pamllel  and   similar  gird^i'B, 
following  constniction : — The  horizontxl  strut  B  B  B  i8  a  cyl 
pliit-G  iron  tube  9  feet  in  dinmeter,  and  ^tha  of  an  inch  thick, 
fened  by  ti-nnsvcrae  circular  partitions  or    *'  diaphragms"  »t  il 
ten'ula.     It  is  supported  at  tho  ends  upon  cast  iron  saddle*.  n«il 
on  cast  iron  pillars.     The  effective  depth  of  the  truss,  ■!         '     ' 
in   tho  formulae,  is  about  50  feet.     Each  of  the  pi 
A,  P,  C,  and  of  the  diagonal  braces,  G,  G,  consists  of  i 
Unkt'd  chains,  attached  to  the  sides  of  the  tube,  aud  hn;  < 

Ipurt  at  the  \eve\  ol  VIba\icAX«ta  ot  'CBa^rasfi.'«»\.«fcN<&  wooi  U^ 
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to  on  a  line  of  rails  between  them.  The  vertical  Btrut«  K,  K, 
rectangular  frames  with  openinga  sufficient  for  the  same  traffic 

points  1  and  4  form  the  intermediate  supports  of  a  pair  of 
paxy  plate  iron  girdera,  whoso  ends  rest  on  the  piers;  so  that 
those  girders  the  span  of  305  feet  is  subdi^'ide(i  by  the  aid 
he  tnjsB  into  three  spans;   the  central  span  being  124  feet, 

the  side  spans  each  90^  foet  Below  the  four  plate  girders, 
I  hting  from  the  two  great  tnisses,  are  attached  the  cross 
tn  of  the  roadway.  The  two  tubes  are  braced  together  hori- 
iftlly  to  increase  their  lateral  stiilheaa. 

be  total  Exed  load  of  this  structure ybr  one  line  of  rails  is  about 
Sons  per  lineal  foot,  or  3,360  lbs.  The  greatest  i-oUiug  load  may 
Msen,  as  is  usual  in  railway  bridges,  at  one  ton  per  foot,  or 
tOlba. 

fhe  following  are  the  proportions  per  cent,  in  which  the  fixed 
I  is  distributed : — - 

^^BtfTective  section  of  tube, ao  per  c^tw 

^^[)ther  parts  and  appendages  of  tube,...  15  „ 

Main  chains,  33  „ 

Diagonal  chains, 5  „ 

TTpriglit  frames,  saddles,  &c., 9  „ 

{      Plate  gii-dcrs,  joists,  and  roadway, 38  „ 

I  100  „                 _ 

P^ith  the  fixed  and  rolling  loads  above-mentioned,  the  thrust 
Ig  the  tube  is  about  3,600 lbs.  per  square  inch  of  section;  so 
1^  the  factor  of  safety  is  considerably  more  than  six  for  both 
d  and  rolling  loads. 

IL    Warren  or  Zig-zag  Girders. — In  the   eai-lier  examples  of 
Ib    girders,   the   ujtper    liorizontal   strut  or  boom  was  a  tube, 
ndrical  inside,  and  on  the  outside  resembling  a  cylinder  with 
f  flat  projections  above,  below,  and  at  each  side,  for  the  con- 
lence  of  attaching  the  diagonals  to  it.     The  strut  bi-aces  weixj  of 
iron,  and  crosa^shaped.     In  later  examples  the  upper  boom  and 
t    braces  are  made  of  wrought  iron;   the  upper  boom  l>eing 
fex  like  a  trough-shaped  girder  built  of  flat  bars  and  angle  iron, 
1^   the  flanges  downwards,  or  like  a  box-beam,  and  the  strut- 
lies  H-shaped,  or  cross-shaped,  as  shown  in  fig.  235,  p.  521. 
main  tie  or  lower  boom,  and  the  tie-hr;ice.<?,  consist  of  flat  links 
fti  edge;  as  to  which,  see  Article  364,  Divisions  IL  and  III.,  pp. 
519.     The  joints  of  the  lower  boom,  and  its  connections  with 
9,  are  made  by  means  of  large  cylindrical  pins.    Such  pins 
connect  the  braces  with  the  upjiei-  bocra,  who^  a.\vle  ■^VaXcs  «jx 
a  clmnuel  into  n'liich  the  ends  o£  the  Vtrac(:%  «,^\ax  «Sb 
2o 
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fit     TLe  jolnta  of  Uie  horizontal  tie  maj  also  be 
and  rivetting.     TLe  vhole  8t4nu:tuT«  has  ibe  advnst 
oasily  cjirried  in  pieces  to  its  iuiended  nte,  and  there  pat  tot 

H  the  platform  is  buiig  below  tUe  girders,  latezai  stalnlt 
be  givcoi  to  them  by  making  tbe  vertical  suspending- pieces,  « 
the  cross  jointa  are  hmig  from  the  higher  jointa  of  the  ginicc 
I-shapcd  form  of  suction,  uiid  equalj  or  nearly  cqua.!  in  stifi 
the  platibrru  joLhUl  When  the  platform  is  Bt^>ported  ah 
girder,  lateral  stilfneas  ia  to  be  given  by  the  horiaonlai  4 
bruciug  of  tho  platform,  and  also  by  vertical  traasvene  il 
bracing  between  tho  girders;  and  for  this  porpoae  rodsof 
inch  to  1^  inch  in  diameter  are  in  general  suffidcat.  (For 
of  \-ariou)i  Waxren  girders,  Me  Humbet'  On  Iron  Sridgm.) 

From  the  manner  in  which  the  parts  of  a  dg-zag  girder  •! 
aected  together,  it  is  evident  that  ita  diagonal  Btrut-braco^  a 
aeveral  divisions  of  its  horizontal  bix>n],  are  to  be  tzvaied  ■ 
kins/ed  at  the  ends.     (See  Article  306,  p.  523.) 

IV.  Lattice  Girdcrx. — The  forms  and  modes  of 
plicablo  to  the  upjKjr  and  lower  l)oomR  of  the  Wa 
also  applicable  to  those  of  the  lattice  girder.     The 
braces  are  mndo  of  any  conveuieut  ^lape  that  is  w« 
resist  thrust ;  their  grwitest  breadth  should  be  placed 
because  in  llio  longitudinal  piano  of  tlic  girder,  ilwy 
by  boing  bolted  or  rivi-tted  to  tho  tie-braces  at  each  inl 
Tho  holes  made  for  that  purpose  weaken  tho  tie-bm< 
to  1x5  allowed  for  in  computing  their  strength.     In 
Viaduct,  the  strut  diagonals  of  the  lattice  girders 
formed  like  ^mall  lattice  beama,  conmsting  of  a  pair  of ' 
connected  together  by  Mniall  diagonal  braces. 

370.    Iron  Bowalring  Olrdcn. — Tho   niost  COmmon 

bowstring  girder  (fig.  ^^0)  consists  of  a  cast  or  wrought 
or  bow,  springing   from   two  shoes  or  sockets,   which  JtOj 


Fig.  256. 


I 


l^ogether  by  a  horizontal  tie ;  the  cross  joists  of  tie  pli 
■taKpended  from  the  arch  by  vertical  suspeoding-picoes, 
^ic  %ime  time  suppoi-t  the  weight  of  the  tie;  aod  stiffiifai  fol 
rolling  load  is  giveu  by  means  of  diagonal  tie-bracce. 
Tho  prOTHJT  figure  tot  \ii»  tvsBfc.ift\\ki«i  ^x  TMtiafacaL.  carve  of  tlia 
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parabola;  but  a  circukr  segment  is  often  naed  in 
cross-section  of  tlie  bow,  like  that  of  the  upj>er  boom  of  a  L»ttioe 
er,  must  be  of  a  form  suited  for  leeistiug  thrust.     A  cylindiical 

is  the  strongest  form ;  an  inverted  troiigb-ahape,  either  cast,  or 
of  plates  and  angle  bars,  is  convenient  for  the  attachment  of 
saspunding-pieces.     These  have  usually  an  I-sbaped  section, 

the  greatest  breadth  transverse,  to  give  them  lateral  stability ; 

for  the  same  purpose  they  widen  towards  the  bottom,  where 
r  are  rivetted  to  the  ends  of  the  plate  or  box  beams  that  form 
croaa  joists.  The  main  tie  is  best  made  of  parallel  flat  bars  on 
1^  and  is  made  fast  to  the  shoes  at  each  end  by  gibs  and  cotters ; 
•diagonal  braces  are  round  or  flat  rods.     The  stress  on  each 

ia  fuiiml  as  follows : — 

L — The  girder  stiffened  by  diagonal  braoe& 


(t  J  be  the  8i>an,  me-'usured  along  the  centre  line  of  the  main  tie, 
Viet  ween  the  ends  of  the  centre  line  of  the  bow; 
k,  the  rise  from  centre  line  to  centre  line ; 
to.  the  fixed  load,  and  )  j.    /•  i     _ii.  _^ 

<  the  rolling  load,      |  per  umt  of  length  of  span. 

Bien  the  tension  of  the  main  tie,  and  tlie  horizontal  thrust  at 
yuwn  of  the  bow,  are  given  very  nearly  by  the  formula 


H  =  (w  +  ic')  P^6  k. (1.) 


be  thrust  at  any  other  point  of  the  arch  variM  newly  as  the 
,t  of  its  inclination ;  or,  to  express  it  in  .synibijls,  let  x  be  the 
Bontal  distance  of  the  point  in  question  from  the  middle  of  the 
then  the  thrust  is, 


j{llU{w  +  u/)^s>^}. 


.(2.) 


t  the  springing,  for  x  put  I  -r  2. 

let  N  be  the  number  of  parts  into  which  the  vertical  pieces 
de  the  spaa,  bo  that  there  are  N  —  1  of  those  pieces;  the 
test  tousiou  ou  any  one  of  them  is  nearly 


(to" +  10")  I 


.(3.) 


>eing  the  fixed  or  dead  load  per  unit  of  length,  exclusive  of  the 
;ht  of  the  bow. 

,  is  ptissible  that  when  the  girder  is  partially  loaded  with  a 
cUing  load,  some  of  the  upright  pieces,  which,  with  a  uniform 
act  as  ties,  may  be  made  to  act  as  stmte.  To  find  whether 
Jlbfi  caae^  number  the  upxii^ta  from  oue  end  ol  ^^ii'u  ^x^^t'^, 
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dtngonal  stajB,  one  ooniiMliDg  the  horizontal  ribs 
other  the  curved  ribs. 

It  has  olnsady  be«n   iitatcd  in  Article    374,   p.    54 
Mantir>n  proposes,  as  the  best  mode  of  oonstructaog'  an 
hnvti  hinges  at  the  crown  and  nt  tho  Bpringing,  as  at 
2'<8.     The  arches  of  the  Paris  aud  Creil  railway  brii%e  «? 
at  the  Rpringinjr,  Ijut  continuous  at  the  crown;  tbo«e«CtiM| 
bridi^e  are  continuous  at  the  crown,  and  have  flat 
at  tiio  springing;  nevertheless,  from  the  smallneiss 
at  ooiB|mrcd  with  the  otlwr  dimenaioiLs  of  the  areK, 
tbait  the  archns  of  this  bridge  also  act  nearly  aa  if  tlu'y 
at  the  springiiig. 

The  following  arc  Home  of  the  principal  dimonsioDa  of ' 
and  Cruil  railway  bridge  : — 

Tho  length  of  each,  ^enn-ordi  is  diTide<l  into  ten  equal  di 
hocuontallj ;  tb«ra  m  in  each  epandril  eight  verticsl  al 
diagooal  bcaosB ;  for  two  diviaionB  and  »-half  adjotsi^g  ihm 
thm  axB  no  bnoas,  the  curved  and  stndght  riba  having  «m^ 
fjommon. 


Spaa  bttwMn  izb  ot  bwdagi, 
BIm, 


...    4A*46 
-      4-85 


Depth  of  ewvcd  rib  (=spanH-  66  netrly), o48o 

„      of  itrnlf^ht  rib, 0*300 

„      of  combined  rib  at  crown, 0*7"$ 

„     of  bracca,  foor  loDgwt  «t  each  end, „.^^.,,,r,  ffsoo 

„      of  braces,  remainder,  ....^ , ..^....^  artf> 

Breadth )  ofT-ihaped  tranivetee  bracaof  eurred  fciw 

Depth, i"      ribe, \troSo 

Breadth, \  of  T-shaped  transverm  braces  of  straight  fO'TSS 

Depth, /      ribs, „ "ioTjfio 

I«n{;th, ......>  of  semi-cyliadrical  besiogi  fir  •nda  at  jo-yx 

Diameter, f      cuHi-cd'ribe, „ <o-*» 

Lansth, „ ^  (t'¥>f 

Breadth, I  of  ont  iron  abuttinfc-plate,  which  car-  J  I1 

f     tkiMmicylindrical  beaiin;, )  ■ 

Mean  thicfcnesH, J  (^1 

Arsai  orCroB-iectlon. 

Camfainadrib  at  crown, 51 

Carrad  rib  in  &n  diviaiaK  at^oliiittg  tha  crown, ..  f  R«R> 

Carved  rib — RenuUndcr, 

DorizonCal  rib, 


BrKxa, 

TraaivcTM  d\atsoa«X  Vjkv«, 
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The  horizontal  ribs  perform  tho  duty  of  beams  in  aupportm*" 
068  joists;    for    besides   tlio  joiata  that   lio   directly   above   tho 
jhts  of  the  spandril,  there  are  two  intennediate  joists  at  equal 
resting  on  the  horizontal  ribs  ia  each  space  befewoea 
pair  of  nprighta.  ~ 

The  following  ia  the  load  of  the  stractare : — 


^^j>"** 

1 


Total  (tar  Doable  Una. 

Kilogrammes  Lbs 


WnMgiitiRialniiwwarit,^ 125,000 

Dead  load  exclusive  of  iron  frame,  v\x. ; — 

Timber  pUtionn, 45tOOO  99i2o8 

.Ballast, 4';''25  99^83 

'*^ . 6,875  »5.i57 


Uml  per  Uneal 

Foot  of 
Stofle  Line. 

275.578  936 


dekd  load:, 
working 
afbaatad   at 
Krannnea  per  metro 
Une,  on  90  metres, 


;  live  load.  \ 
4,000  Kilo-  I 
etro  of  tingla  f 
res, J 


Toid  graatest  working  load, . 


97iOOO 


222,000 


360,000 


582,000 


213.848 


337 
338 


727 
1,663 


489,426 

793,663         2,697 


1.2S3.089        4,360 


The  following  are  the  methods  of  compuliog  the  stresses  ou  tho 
pr&l  pieces  of  a  braced  iron  arch : — 

the  nprighta  and  sloping  braces,  tise  the  same  rules  as  for  the 
mspeaJiug-rods  and  diagonal  braces  of  a  bowstring  girder.  (Se& 
Article  379,  p.  563).     For  ifae  arch  proceed  au  folloii's: — 

Case  L — When  the  arch  is  hinged  both  at  crovm  and  sprimjingf 

the  most  severe  streas  on  the  arc  and 

horizontal  rib  are  determined  as 

\   with  an    approximation    Suf- 

licirat;  for  practical  porposes  (aee  fig, 

2jL»):— 

Let  w  be  the  dead  load  per  lineal 

foot;  rig.  258. 

«/,  the  live  load  per  lineal  foot; 

c,  the  half  span,  |  of  the  centre  line  of  the  arched  rib  III ' 
hf  the  rise,  J      feet. 

Then  the  horizontal  thrust  due  to  the  dead  load  i^ 

w  c* 


H« 


2  A 


and  to  a  live  load  ov'cr  the  whole  spftDj 
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and  if  this  be  the  most  severe  way  of  loading  tbo  arch,  the  nadi 

sectional  area  at  any  given  point  of  the  arched  rib,  where  di 

clination  is  i,  will  be, 


.« 


/'  being  the  safe  working  thrust  on  the  material;  or  aty 

6,000  lbs.  per  squaro  inch. 

To  ascertAin  the  effect  upon  the  curved  and  straight  ribs,  of  1*4 
ing  one-half  of  the  arch  with  the  live  load,  and  lea^-iog  tUi 
unloaded,  either  a  geometrical  or  an  algebraical  tnethc"!  r"** 
followed.     For  the  geometrical  method,  let  A  B,  fi«?.  '2 
centre  lino  of  the  curved  rib,  0  L  that  of  the  stnu^'ljC  i.«,  / 
A  B  with  a  straight  cliord     Let  X  0  SI  be  any  vertical  ordiii* 
Then  the  stress  along  the  horizontal  rib  at  X  is. 


HijMC 
2CX  ' 


•M 


and  this  is  tenson  when  X  is  in  the  unloaded  half  of  th« 
thrust  when  it  is  in  the  loaded  half. 

The  horizontal  component  of  the  greatest  strecs  ariaiiur  &^ 
rolling  load  on  half  the  span,  at  the  point  0  in  the  snaMlj 
occurs  when  C  is  in  the  unloaded  half  of  the  rib,  and  is  i 


Hj'MX 
2CX   ' 


rj 


and  should  this  prove  gnater  than  Hj,  that  is  to  sm^ 

be  greater  than  2  C  X,  the  expression  (S)  is  to  bo  ~ 

Hj   in  equation  3 ;  but  should  M  X  be  not  greater  tiuui  <  ^  ^j 

equation  3  is  to  be  left  unaltered. 

To  find  the  point  of  greatest  horizontal  stress  in  th< 
half  of  the  beam,  produce  the  straight  lines  L  O,  B  A, 
jneet  in  N,  from  which  draw  N  C  touching  the  corv*  Al'fii''J 
will  be  the  point  sought  i 

The  algebraical  formula  for  the  exxtresaions  (4)  Bad  ('!}•<■' 
follows : — 

Let  0  A  =  a;  0  X=a!;  then, 


n^    MO  _  U^jkex- 1 


(«^ 
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2'CX    ~  2  (a  c*  -H  *  ««) ^   ^' 


•nine  of  x  which  makes  the  last  expression  a  mifKim^iTQ  is 
iven  by  the  equation 

OX-=.  =  c{V|T|-^} («.) 

.t  is  to  be  observed  that  the  processes  expressed  by  the  formuliB 
!,  5,  4  A,  d  A,  6,  are  applicable  only  to  the  openivork  parts  of  the 
ratne.  Where  the  horizontal  rib  and  the  arched  rib  are  connected 
fy  a  web,  so  as  to  form  virtually  one  rib,  that  rib  is  to  be  con- 

TX 

Kived  to  be  under  the  combined  action  of  tlie  thrust  H{,  +  -„^' 
ind  the  bending  moment 

2        ~  '2c^  ^''"' 

Let  h  be  the  depth  of  the  oompoiud  rib,  and  q  a  co-efficient 
lepending  on  its  form  of  section,  as  given  in  pp.  294,  295.  Then 
fta  sectional  area  is  given  by  the  equation 


r\Vh^  2  +^V-27V 


ex  —  s^) 
sA'cS" 


+  1 


(8.) 


md  t/'^itV  ar0t>  w  greater  than  that  giv«n  by  equation  3,  it  is  to  bo 
idopted. 

Case  IL — WJien  the  rib  is  eontmuoua  at  the  croum,  the  exact 
letermination  of  the  state  of  stress  at  different  points  becomes  a 
iroblem  of  almost  impracticable  complexity ;  but  an  approximate 
elation,  sufficient  to  determine  what  sectional  urea  is  required  at 
nd  near  the  cix>wn,  in  order  to  resist  the  straining  effects  of 
leflection,  yielding  of  the  piers,  and  changes  of  temperature,  may 
obtained  as  follows : — 

Compute  a  series  of  values  of  the  expression  q  m  h^,  as  explained 
Article  ISO,  p.  302,  equation  17,  for  a  series  of  equidistant  cross- 
tions  of  the  entire  iron  frame,  and  use  the  mean  of  all  those 
rcUues  to  compute  the  quantity  0  by  the  following  formtda: — 


r 


which  a  is  the  enlargement  of  span  due  to  yielding  of  tho  )gv«» 


570 


^VTERIAIS   ASB 


lb.  of  tlimst :  A, 


>i>tWMM>to  MctiotiAi  arcA  tl^i 


rib;   £,  the   nwxlahu  of  aaMatj ;    =^   <,    the 
lU^  I  °^  temperature ;  e,  the  oo-effidani  of  cxpaaaioa  {Mr  i 

(see  p.  539);  /)^  the  intended  mean  intonsitj  of  tiirvii 
crown. 

Then  calcuhite  s  moment  of  flexure  u  follows : — 

let  A()  be  the  depth  of  the  nh  <U  th*  crounty  and  q^  Che  vsivtff 
for  the  same  point;  then  the  corrected  secttoiULl  Are&  at  th* 
will  boj 


r 


((1  +  0)70*0"^  0- 


,(11.) 


\ 


When  the  horizontal  rib  of  a  bmced  iron  arch  acta  ako  u  « 
beam,  the  sectional  area  required  to  resist  at  onoe  tlie  ditect  fttca 
•nd  tlie  bending  action  is  to  be  computed  according  to  the  priaeifJa 
of  Article  374,  Case  HI.,  equation  2,  p.  640. 

38 L  ■*•■  Picra. — An  iron  pier  for  supporting  atcboB  or  gitdea 
may  consist  of  any  convenient  number  of  hollow  cylindrical 
either  vortical  or  raking,  each  pilLu*  being  mado  of  pieoea 
iConvenieut  lengtli,  tume<l  or  planed  at  thti  ends,  and  tmited 
fttojection  and  socket,  and  also  by  flanges  or  lags  and  holt 
exjilained  in  Article  365,  p.  521,  and  the  several  pill«r»  b 
connected  togetiier  by  horizoutal  and  diagonal  braces.  For 
method  of  determining  the  streas  on  each  pillar  and  \tnrc,  ttt 
Article  348,  pp.  484,  485.  Each  length  of  a  " 
yTs.  between  a  pair  of  braced  point«  may  be 

y    ^      >^     a  strut  hinged  at  t/te  endt,  and  ita  8t''«»ngth 
•      •      '     accordingly.     (See  Article  3Gd,  p.  521  > 

As  im  example  of  piers  conatnictrd  in  this  muoo; 
may  be  taken  those  of  tljc  Cmmlin  Viaduct  (fi^  i^l^ 
404),  in  which  the  c^eatest  hciglit  of  the  rail*  aborvlii* 
valliy  ia  al»out  200  fet-L    Eiicb  jiitr  ctmsist*  of  finnka 
^  "^ '   yT     caat  iron  columna,  in  lengths  of  ITT 
>v    /        form  external  diameter  of  1 2  inchea,  ; 
-  metal  ranging  from  one  Inch  at  the  b; 

top.  The  two  centre  columns  arc  toi 
uch  a  manner  that  while  the  base  ol 
SUTM  60  feet  by  il ,  the  Xa^  of  each  ^ier 
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IcMngitndinal  and  b-ansverse  horizontal  braces  are  cast  iron  beams, 
I-abaped  in  section,  and  12  inches  deep;  their  flanges  are  5  inches 
Ikrofld.  The  diagonal  braces  in  vertical  and  raking  planes  are  flat 
Wts  measaring  4  inches  by  ^  inch;  there  are  also  horizontnl 
^Sagonal  fances,  which  are  round  rods  of  2  inches  diameter.  Each 
eolnmn  has  a  foot  or  base  from  3  feet  to  5  feet  high,  spreading  to 
3  feet  square,  and  resting  on  a  foundation  of  masonry  to  which  it  is 
bolted  and  joggled.     (See  Humber  On  Iron  Bridgeg.) 

Wrought  iron  stmts  of  suitable  figures  may  be  used  instead  of 
<ast  iron  pillaTS  iu  the  constiniction  of  piers;  and,  like  them,  they 
are  to  be  considered  as  hinged  at  the  points  which  are  fixed  by  the 
"bracing.     (See  Article  56fi,  p.  521.) 

In  some  case.s  a  pier  is  made  of  a  single  row  d  hollow  cylindrical 
«ast  iron  pillars,  or  even  of  a  single  such  pillar;  in  which  cose  tho 
greatest  intensity  of  tension  and  of  thrust  are  to  be  computed  as 
follows: — Let  P  be  the  vertical  load  of  one  pillar;  H,  the  hori- 
zontal thrust  applied  to  it,  at  a  height  of  Y  above  its  base,  or  above 
the  horizontal  section  at  which  the  stress  is  to  be  calculated ;  rf,  the 
mem  between  the  external  and  internal  diameters  of  the  pillar; 
A,  its  sectional  area  (=  3'1416  d  X  thickness  of  metal);  then 

greirt^  intensity  of  {  J^^^  }=  ^  (IHY  ^  p)  ,e,,,y.  (1.  J 

Cases  in  which  the  bending  moment  arising  firom  the  thrustt 
<Hflfera  from  H  Y  will  be  considered  further  on. 

When  a  pillar  simply  rests  on  a  firm  base,  without  being  imbed- 
ded in  the  soil  like  a  pile,  it  is  advisable  so  to  proportion  it 
that  there  shall  be  no  tension  at  any  point  of  its  base ;  and  for  that 
porpoae  the  diameter  at  the  base  ^ooild  not  be  leus  than  that 
given  by  the  following  formula : — 

4  H  Y 
rf  =  i^. (2.) 

An  exnnples  of  piers  of  this  class,  may  be  taken  those  used  fo: 
the  bridges  of  tho  Bombay  and  B&roda  railway,  by  Lieutenant- 
Colonel  Kennedy  (see  CiffU  Engineer  aiid  Architects^  Journal, 
September,  18G1),  each  consistiDg  of  three  hollow  cj-lindrioil 
vertical  cast  iron  pillars,  connected  together  by  horizontal  and 
diagonal  braces,  with  the  addition,  in  powerful  currents,  of  a  pair  of 
raking  struts  of  the  same  dimensions  and  construction  with  the 
pillars,  making  angles  of  30"  with  the  vertical.  The  pillars  are 
cast  in  lengths  of  U  feet,  and  are  2  feet  6  inches  in  eztenial 
diameter,  and  1  inch  thick;  the  lengths  are  connected  togcth 
bj  flonj^es  and  bolts.   For  the  part  above  gro\mA.  \3sys  ^asti^ga 


ogcther 
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external,  and  have  each  12  bolts  of  1   inch    diameta 
part  below  ground,  they  are  internal,  and  have  each  10 
the  diameter  above-mentioned  has  been  adopted  as  the 
will  easily  admit  of  a  worknuin'a  going  inside  to  fasten 
the  internal  flanges.     In  foundations  in  earth  the  lo 
forms  a  screw-pile,  with  a  screw  4  feet  6  inches  in  di 
means  of  which  the  pillar  is  screwed  from  20  to  45  fi 
ground  according  to  the  softness  of  the  material.    Furth 
of  such  piles  will  be  made  in  a  subsequent  chapter,  undfl 
of  "  Timber  and  Iron  Foundations."     When  the  ground 
rock,  each  pillar  is  inserted  into  a  cylindrical  hole  about 
and  fixed  there  with  cement.     The  three  vertical  pilU 
distances  of  14  feet  from  centre  to  centre.     The  horiza 
are  of  T-iron,  of  a  sectional  area  between  5  and  C  square 
diagonal  braces  are  of  angle  iron,  of  a  scctionuJ  area  bet 
4  inches ;  each  brace  is  fastened  to  lugs  on  the  pillars,  asvt 
at  one  end  by  a  gib  and  cotter. 

The    piers'  just  described    have    lateral    stiffiiean    nu 
withstand  a  current,  if  free  from  floating   ice   ard    1: 
hut  they  are  not  adapted  to  bear  the  thrust  of  an  arch, 
one  of  veiy  email  size.     The  superstructure  of  the  brid^ 
they  are  used  consists  of  Warren  girdersi 

In  some  lately  erected  bridges,  the  cast  iron  coIuthqs  1 
the  piera  are  cylinders  of  7  feet,  9  feet,  10  feet,  aod 
diameter,  and  from  1  to  2  inches  thick,  filled  with  com 
rubblft  masonry.  The  mode  of  sinking  such  criind< 
described  under  the  head  of  *'  Timber  and  Iron  Fo 
They  are  capable  of  withstanding  a  considerable  thrut 
arch. 

For  exami)le,  in  the  Theiss  bridge,  mentioned  in  A. 
p.  565,  each  pier  consists  of  two  cylinders,  side  by  side  > 
The  diameter  of  each  cylinder  is  3  metres,  or 

The  thickness...... about 

The  depth  of  the  springing  of  the  arches 
below  the  centre  line  of  the  horizontal 

ribs, 

The  height  of  the  springing  of  the  arches 

above  the  base  of  the  pier, 

The  greatest  thrust  against  a  column  oc- 
curs when  one  of  the  arches  springing 
from  it  is  fully  loaded,  and  the  other 
unloaded ;  in  this  case  the  v«rUcal  load 

on  OM  column  is, 

And  the  excess  of  the  thrust  of  Uie 
load<}d  ovet  tlha.^,  ol  vVt  ■a.\A<5«.'\%«ii.  tt.TOtt.^\ 


Y'  ==  i8 


Y=s6s 


P=3<^ 
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M-  Cezanne,  in  his  account  of  tliia  bridge  before  referred  to,  con- 
siders the  column  as  a  vertical  beam,  acted  upon  by  the  pressure  H 
at  the  springing  of  the  arch,  whicli  is  resisted  by  the  tlvrust  of  the  ,i 
horizontcJ.  rib  o/Uie  vnloaded  ardi  at  the  top  of  the  cohinin,  and  by 
that  of  the  foundation  at  its  base,  so  tliat  the  bending  momeu^ 
instead  of  being  II  Y,  as  in  equation  1  of  this  Article,  is 


and  the  greatest 

thrust   1  _  1^  /4HYY'         p\  ,. . 

tension/  "A  V(Y  +  Y')  d  J ^^ 

According  to  these  principles,  the  greatest  intensities  of  the 
stress  in  the  oytinders  of  the  Theifs  bridge  are, 

Thnist,  about  4,300  lbs.  per  square  inch,  ^H 

Tension,  alwiit  730       „  „  ^H 

382.  SdBprnaiaa  Brid«««. — L  Figure,  Weight,  Arrangement,  and 
Loading  0/ Chains  or  Cables. — The  whole  theory  of  the  action  of  au 
uniformly  distiibuted  load  on  a  suspension  bridge,  when  the  stis- 
pending-rods  are  vertical,  has  been  given  in  Article  125,  pp.  188  to 
191,  and  when  the  suspeuding-rods  are  oblique,  in  Article  126,  pp. 
191  to  191 

It  is  advisable  to  make  the  factor  of  safety  for  the  fixed  load 
three,  and  that  for  the  roUtog  load  six;  but  in  many  actual  6ii8> 
pension  bridges  the  factors  are  much  less. 

When,  for  reasons  of  practical  convenience,  each  chain  is  made  of 
uniform  sectional  area,  that  area  must  be  proportioned  to  tho 
greatest  pull ;  that  is  to  say,  to  the  pull  at  the  points  of  support 
(or  at  the  highest  point  of  support,  if  their  heights  are  unequal); 
but  a  saving  may  be  made,  both  of  load  and  of  material,  by  making 
the  sectional  area  of  the  chain  at  different  points  vary  as  the  pull ; 
that  is  to  say,  as  the  secant  of  the  angle  of  inclination  of  the  chain. 
The  weights  of  sections  of  the  chain,  extending  over  eqiuU,  horieontal 
distances,  will  in  this  case  vaiy  as  tho  squares  of  the  secants  of 
their  angles  of  declivity. 

The  following  formulae  show  both  the  absolute  and  comparative 
weights  of  chains  of  uniform  section  and  of  uniform  strength,  to  a 
d^ree  of  approximation  sufficient  for  practionl  purposes : — 

Let  X  be  the  half-span  of  the  chain ;  y,  its  depression,  both  in  feet; 
^^        the  ordinary  projwrtions  of  a;  to  y  range  from  4^  :  1  to  7^  :  1. 
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cro6s-section  sufficient  to  bear  safely   the   gruauai 

Uoiiaoiital  texiButn  U. 
C,  the  vreigbt  of  a  Italf-span  of  the  cliain  of  unybnm  tea 
C",  the  -»-eigb.t  of  a  futJ/-ap<ut  of  the  chain  of  tmi/'orm 

then, 

^'=^('+3-D-"""y- 

«■  =  <=•(' +11) :-^ 

The  error  of  the  first  formula  is  in  excess,  and  does  not  i 
l-SOOOth  part  in  any  case  of  common  oocnrreiict;  in  praciioc 
The)  value  of  C  iu  the  above  furmnLe  may  be  tstkeii  a&  fr«llov(lj 

For  wire  cables  of  the  best  kind,  0  =  -—_ ; 

4500' 

For  cable-iron  links,  C  =  .s^rs; -(^ 

it  being  undcrgtooil  that  the  last  formula  gives  the  n 
m  other  words,  the  wei^'ht  cicl  waive  of  the  additional 
the  eyes  and  pins  by  whicii  the  links  ai^c  counectad  io^ellME. 

About  one-ei<jiUh  may  bo  added  to  the  net  weight  vf 
for  Lyes  and  I'asteDings.* 

As  to  the  structure  and  mode  of  connection  of  flat  I 
and  wire  cables,  see  Ajliclc  3tJ4,  Divisions  III.,  V.,  )■ 

The  smallest  number  of  chains  or  cables  in  a  sii^\  •  m 
two,  out!  to  support  eaeh  aide  of  the  roadway.  In  yx  ii.  r 
lire  from  two  to  foiu*  parallel  i^et^  of  chains,  oach  miniriiltf^* 
fir  more  chains  in  the  same  vtrtical  plane.  For  cxaapK^I 
Meuai  Bridge,  there  are  sixteen  chains,  in  foiu"  sets  of  four. 

The  equal  diatribution  of  the  load  amongst  a  set  of  dinittf  ^ 
liiing  in  one  vertical  plane  may  be  effect«<l  in  dilTerent  ■malf*', 
being  to  distribute  the  vuspeoBion-Tods  equally  anxn^ 
order  that  tliis  plan  may  be  cffeetiTe,  aU  the  daikis  el 

*  A  great  iinprovMnent  in  the  manofacture  of  ban  tar  Imdge  aleii^ 
McMr».  Howard  antl  Rayenhill,  consists  in  a  processor  roUiqg then  witk 4 
on  tbeir  ends  m>  tliat  the  eves  can  be  mado  without  forging  or  iraMbi^. 

'Hem  may  be  mentioned  Uie  teat  applied  by  Hr.  Page  to  th«  hen  wvl  fv  1 
of  f^ "  :-j>en.^ioQ  Btii^ie  (which  te*t  baa  been  ondttcd  tram  ka  fmfl  . 

■A '  Each  \tu  waa  aulgccled  to  a  tennoa  of  the  intHHiljr  af  \%\  * 

8'  :r  {quare  inch;  and  if,  after  tli"  ■•.mn.ii  ,,f  ♦>..  •»»«_  it^  !«^i  < 

"^  to  tic  pemantntfg  inerfomul 

1  svastt^cdiA.    TVa -«A^VriM.«  t 

"<1  U)  lie  Si  Uma,  at  &%  A^^  ^A*-  ^^b  w^iaxt^Mis^ 
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an,  and  dimeiuioas,  so  timt  they  may  all 
cliftoges  of  temperature  and  of  load. 
wliicTi  insures  the  most  accunit<<ly  equal  distribution 
|d  ou  two  chains,  is  that  naed  by  Bi-nael  in  the  late 
id  Biidge,  and  repreaonted  in  fig.  2G1 ; 
Benaion-rod,  hanging  from  the  middle 
^rrought  iron  lever,  B,  of  equal  arms; 
pf  that  lever  are  hung  by  rods  C,  D, 
dro  chains  E,  F,  each  of  which  bears 
|f  ike  load  of  the  rod  A. 
lea  Bridge  the  rods  C  and  D  are  dia- 

ri ;  and  the  lever  B  becomes  a  sort 
ti-iangle,  whose  two  upper  augles 
irted,  one  on  the  joint  pins  of  one 
I  other  by  a  pin  resting  on  the  top 
her  chain,   while    from    itii    lowest 


angle 


jr-rod  bhould  have  its  length  capable  of  adjust- 
of  a  BCTOw,  arranged  according  to  convenience, 
difltance  between  the  suspending-i-ods  is  from  5  to 
id  each  of  thcui  cai-rics  one  end  of  a  cross  joist  of  the 

t«uspension  bridge  consists  of  several  bays  or  spans,  the 
•11  of  them  must  form  jiortions  of  equal  and  similar 
'the  parabola  being  considered  a  sufficiently  close  aj^i- 
Ri  to  the  true  cur\'e  in  which  the  chain  hangs,  as  already 
^  Article  128,  pp.  19",  198). 

Vi^rnu — On  thia  point  sec  what  has  already  been  stated 
ler  plfttfoi-ms  in  Article  336,  pp.  4C5  to  468,  and  iron 
Article  375,  pp.  542  to  646. 
orm   of  a  suspension  bridge  is  usually  cambered,  or 
■apward.s. 

and  Saddles. — Aa  to  the  properties  of  di^Esteat 
supporting  the  chains  on  the  tops  of  the  piers,  see 
Problem  VL,  p.  191.  Unless  the  pier  has  con- 
feability,  the  second  construction  there  described,  viz, : — 
kich  the  chains  are  made  fast  by  pins  to  a  truck,  sup- 
rollers  on  a  level  base  or  platform,  is  to  be  preferred,  aa 
lat  the  load  on  the  pier  shall  bo  exactly  vertical.  From 
examples  it  appears  that  the  length  of  the  platform 
era  rest  may  be  about  one-fiftieth  part  of  the  span 
chains.  The  truck  should  be  of  wronght  ii-on. 
hmged  cast  iron  piers  have  been  used,  each  of 
e  cliains  made  fast  to  its  upper  end,  while,  at  its  lower 
pable  of  turning  through  a  small  ajig,\&  in.  &  -vec^uaX 
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plane,  abont  a  horizontal  axis,  bo  aa  to  lean  alightljr  inwards  or  not. 
wards  as  the  distribution  of  the  load  '▼arie& 

Mr.  P.  W.  Barlow  has  proposed,  in  order  to  diminish  or  prereat 
the  disfigurement  of  a  siiBpension  bridge  of  many  baya,  when  cat 
bay  is  loaded  and  the  adjoining  bays  unloadiyl,  iluit  the  endji  of  i^ 
chains  of  each  bay  should  be  made  fast  to  the  top  of  a  wrought  tm 
pier,  constructed  like  a  plate  girder  set  on  end,  and  having  «tnDg4 
and  stability  stiflBcient  to  resist  the  excess  of  horizontal  tenaoa 
the  loaded  bay  above  that  in  the  unloaded  bay. 

Let  «/  denote  the  greatest  travelling  load  per  foot  of  sptn  j 

a,  the  balf-span  of  a  bay ; 

y,  the  depression  of  each  chain ; 

then  the  excess  of  horizontal  tension  in  question  is 


H'  = 


«/a^ 


and  this  being  multiplied  by  the  depth  of  any  given  hoi 
section  of  the  pier  below  the  ]>oint  of  attachment  of  the  ch 
gives  the  bending  moment  at  tliat  section.     The  vertical 
produced  by  that  moment,  compressive  at  one  side  of  the 
I       tennle  at  the  other,  is  combined  wth   the   compreasive 
I      Btren  produced  by  the  total  load,  whose  amount  is  as  follows 

I  Let  w  be  the  fixed  load,  per  foot  of  span ; 

^^  W,  the  weight  of  the  pier  itself,  above  the  given  hurixootat 

^^k  section ;  then  the  load  is 

I        ' 


P  =  W"  +  (2ir4-uO«. 


An 


As  to  the  combined  action  of  the  load  and  bending 
Article  381,  p.  571. 

IV.  AbiitmftUg — AncJtoritig  Chairu. — The  term  "Abatmefll^il 
a])plied   to    those    masses,    whether  of    masonry    or    of  nstmii 

rock,  to  which  the  extremff  coti 
of  the  chains  are  made  fact,  Aod  1* 
whose  stability  the  tension  of  tit 
cliains  is  resisted.       For  cicswril' 
in  fig.  262  (which  bears 
likeness  to   an   abutmen'^ 
late  Hungerford  Bridge),  a  \mu  ul 
chains   enter   an    opcuins   in  th* 
abutment   at    A,    in    a 
Ta.cax\^    \yat\30\xtal.       At    1 

S,    -^ict   VS=»«»   .&»i»V  *-»  «-*»^''   X»  WV.  *  -  ^ 


Fig.  263. 


SUSPENSION  BBIDQES. 

kvene  a  sloping  tunnel  or  passage  in  the  abutment,  and 
»ss  through  boles  in  the  "  anchoring  plates"  of  caflt  iron  at 
e  they  are  fixed  by  keys  or  wedgea;  the  anchonag  platea 
l^iust  a  pair  of  tranaverse  cast  iron  girders  imbiHlded  in  the 
J. 

pt  that  the  tendency  is  to  npset  or  to  slide  forwards  instead 
waixls,  the  principles  of  the  stability  of  the  abutment  of  & 
ion  bridge  are  precisely  the  same  with  those  of  the  abutment 
•ch ;  that  ia  to  say,  the  weight  of  the  abntnient  must  be  suf- 
o  prevent  it  by  friction  from  sliding  on  its  base;  its  weight 
•kness  must  be  sufficient  to  prevent  it  from  upsetting;  and 
tre  of  resistance  of  \\&  base  must  not  deviate  from  the  ccnti-e 
e  by  more  tlian  a  safe  fraction  of  the  thickness.  As  to 
y  foundations  for  such  abutments,  see  Articles  235  to  239, 

to  382;  as  to  the  stability  of  the  abutments,  see  Articles 
4,  pp.  396  to  401.  The  resiatance  to  sliding  forward  may 
eased  by  making  the  base  of  the  abutment,  or  jiart  of  it, 
>  as  to  be  jjerpendiculur,  or  nearly  so,  to  the  resultant 
?,  as  in  the  front  part  of  the  abutment  in  fig.  262. 
Q  piles  are  used  in  the  foundation,  they  should  be  driven  as 
ispossible  in  the  direction  of  the  resultant  pressure.     (See 

II.  of  the  next  chapter.) 

saddles  by  the  aid  of  which  the  direction  of  iv  chain  within 
tments  \&  changed,  do  not  require  rollers,  though  they  must 
ble  of  sliding  to  an  extent  suihcieut  to  admit  of  the  expau- 
id  conti-action  of  the  chain.     This   has   been   eSected  by 

them  rest  on  a  bed  about  4  or  5  inches  thick,  consisting  of 
if  as]}haltcd  felt, 

ire  cables,  from  their  great  extent  of  surface,  require  mora 
order  to  prevent  them  from  i-usting  than  bars,  it  ia  genei-ally 
red  advisable  that  chains  made  of  bars  should  always  l>e 
xtiiin  the  ahutmenta  of  suspension  bridges:,  although  to  the 
nds  of  such  chains  wire  cables  of  equal  strengtli  muy  be 
d.  The  cuvities  and  passages  containing  these  anchonng 
and  their  fastenings  ought  to  be  accessible  for  purj>oses  of 
atioii,  painting,  and  repair. 

)ecillatioiu  and  Means  of  Cliecfdng  (Item. — A  suspension 
consisting  simply  of  abutments,  piera,  chams,  vertical  sus- 
{-rods,  and  load,  is  free  to  oscillate  both  vertically  and 
tally,   the   vertical   oscillations   consisting  in  a  wave-like 

of  the  chains  and  platform.     Everj'  impulse  a])])lied  to  the 
liauses  a  series  of  oscillations  of  extent  ]^ro[X)rtional  to  the 
a  which  go  on  until  they  are  gradually  ext,m^\&VvwiL  Vi^ 
Eaaef  the  application  of  a  series  o{  impviVaea  aX  mXersv^ 
■  comatoDsm&hle  with  the  i>eriodio  ivme  o^  owaUkaXAOW  vA 
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.}  AuxUiorif  Girders. — These  are  a  pair  of  straight  girders  o£ 
convenient  construction  (such  as  the  plate,  the  zig-zag,  or  the 
ce)  hung  from  the  chains  by  the  suspending-rods,  and  support- 
the  cross  joiste  of  the  platform.  A  sketch  of  an  auxiliary' 
tr  is  shown  in  fig.  363.  It  should  be  not  merely  supported  ^ 
I  end,  but  /listened  doxcn,  as  there  are  certain  positions  of  the 
ng  load  -which  tend  to  lift  one  of  it*  ends.  It  should  not,  how- 
•,  be  Jixed  in  dirtction  there.     In  order  to  enable  it  to  act  with 


^<<\ 
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n 


T^ 


Fig.  263. 


greaU'bt  efficiency,  it  should  be  hinged  at  the  middle  of  the 
i,  which  may  be  effected  by  making  it  in  two  halves,  connected 
lUjer  by  means  of  a  cylindrical  pin  of  dimensions  sufficient  to 
the  shearing  stress,  which  will  presently  be  stated.  The  object 
his  is  to  annul  the  straining  action  which  would  othei'wise 
t  from  the  deflection  and  expansion  of  the  chain. 
Siis  precaution  having  been  obst^ved,  the  greateiit  bending 
m  on  the  auxiliaiy  gii-der  will  be  that  due  to  half  the  ruUiug 
npon  a  girder  of  ont-half  of  Oa  span  of  the  diain;  and  the 
test  shearing  action,  w^hich  will  take  jilace  at  the  central  pin, 
at  each  point  of  support,  will  be  equal  to  one-el'jhth  of  the  roll- 
load  over  the  whole  spau.     That  is  to  say,  in  syjubola, 

et  «^  be  the  greatest  rolling  load  per  unit  of  span; 
z,  the  half-apan; 
M,    the   moment  of    the  greatest   bending  action  on    the 

auxiliary  gird«r; 
F,  the  greatest  sliearing  force;  then 


M  = 


To  ' 


F  =  !^5. 


(7.h 


.(S.) 


iHcfa  half  of  the  auxiliarj^  girder  is  acoordiiTgly  to  be  deaigned 
r  for  a  girder  of  the  8j)an  x,  under  an  uuifonnly  iy.\s\,T\\iw\fc<i 
of  the  intensity  w'  ^  2;  regard  beiitg  \tiwl.  \in  tW  ^«*.^  ^\^\^.\• 
load  acts  nlt^rttatcly  upwAiiIs  and  duwuvarAss  «>  XiKsX  ewAv 
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piwte  of  the  girder  must  be  capable  of  Mctiug  alternatd) 
aud  a«  a  tie,  mnler  equal  and  opjmsite  stresses. 

If  tho  girder  is  not  hinged,  but  cojitiuuniis.  jit  Xhv 
span,  it  should  l»e  made  capable  of  bearing  a  l>endiiisj 


^ 


moment  la 


M  = 


U  * 


and  not  to  go  into  unnecessaiy  nicvty  of  caicuiati< 

I  section  ca|)able  of  rfsistinff  that  moment  mav  lie 
foi'mly  throughout  the  middle  Ao{/"of  the  stitlenin^ 
(2.)  By  biagoHally-Bractd  Fairs  o/C/taimt, — This^ 
eented  in  fig.  264.     In  onlor  that  the  two  chains 
alike  by  the  exjjansive  action  of  heat,  their  curvat 
equal ;  in  other  words,  their  vertical  distance  apart 


Fig.  2C*. 


made  equal   to  Jtalf  lh«  dqtre&non  of  each   dialn, 
material  will  be  required  iu  the  cbaius  beyotid  wbai 
supjHirt  a  tnivelliug  load  over  the  whole   sjaui. 
braces  should  i^e  capable  of  acting  as  strub)  an'  '■ 
luich^r  stresses   computed  an  for  an  auxiliary    _ 
would  be  saved  by  this  mode  nf  atiireniiig,  us  c-«>iiiixh 
auxiliary  girder;    but    it    would   probubly    be    \>v» 
durable,  as  the  alteration  of  tin-  curvatun?  of  the 
aud  cold  would  tend  to  strain  and  loown  the  jt>int<» 

(3.)  By  Di<Hf(nial  Braciny  beiicem  (he  C/taius  a» 
This  case  is  to  Ite  treated  as  a  braced  iron  arch  it 
action  of  each   force  reversed:    so    tlmt  the    ft>nnnl 
ySO,    p|>.    5(iT   to   570,   and   of  Article    379,  nc}uat 
pp.   5G3,  5Gi,  may  Ix?  applied.      Tliis  nutlioU  of 
not  be  efficient,  unless  the  weight  of  the  platfonn  l-^-iimj 
portion  to  the  rolling  load  as  to  prevent  any  i| 

Knng  subjected  to  thrust;  and  that  sudi  n.  tij 

result  of  eqiuvtion  4,  p.  5(J4,  should  be  uegtilivf,  or  ii»»4h 
Buch  rod.     It  is  ixlau  oi)en  to  the  Kime  olyecLious  urith 


*  StA,  on  tViu  (\viailW\,  \h«  CimV  Knguieer  nui  Artkitm/ 
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u)  By  Tension  Rihs. — Mr.  R  A.  Cowper  has  proposed  to  use, 
ted  of  flexible  cbaius  or  cables,  stiff  wrought  iron  ribs,  like 
rted  arches. 

li«5  theory  of  the  action  of  the  load  on  such  "  tension  ribs"  is 
isely  the  same  as  in  the  case  of  ordinary  arched  ribs  (see 
cle  374,  p.  537),  except  that  every  force  is  reversed,  tension 


Fig.  265, — [NiAgan  Falls  Bridge,  from  i  Photograph.] 


g  stibstituted  for  thniKt,  and  tlinist  for  tension  (if  any).  In 
or  to  annul  the  straining  actinn  of  the  yielding  of  the  piera,  and  of 
Iges  of  central  deflection  aud  t-eniperatui-e,  those  ribs  should  be 
;ed  at  the  middle  and  at  the  points  of  support;  in  which  case 
he  formnlffi  of  Article  374,  Case  IV.,  p.  541,  become  applicable 
lem,  with  the  mmliiicution  stated  above. 

i.)  Bff  Straight  Main  Chains,  with  A  uxitiary  Suspension. — In 
Ordish's  form  of  stispenHioa  bri Jge,  the  side  girders  which  carry 
platform  are  supjKtrted  at  iutervuls  by  straight  main  chains, 
run  directly  to  the  saddles  at  the  tops  of  the  piei-s.  To 
the  a]>proxioiate  straiglitiieBs  of  the  main  chains,  they  are 
intervals  from  a  pair  of  auxiliary  chains  of  the  catenarian 
,  which  have  no  duty,  excejtt  to  supjwrt  the  TOa\t\  cVvavna.  ^aso 
£/iffi»eer,  November  and  l)e«i"njiber,  18GS,  p^  ^^^  wai^Jl  ^^^. 
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63.  Pr«p«t«loa  •€  KTelghi  la  I<*ad  la  IroM  Bridgeak. — lu  Article 
,  p,  263,  the  general  principles  have  been  explained  according 
ruich  the  weight  of  a  beam  intended  to  cairy  a  given  load  can 
{approximately  detei-mined  before  designing  tLo  beam.  The 
(nples  there  given,  however,  are  applicable  to  simple  beams 
T,  in  which  evciy  portion  of  the  material  directly  conti-ibutes  to 
resistance  to  the  bending  and  shearing  action  of  the  load.  In 
]»» iron  V»ridges  there  are  many  parts  which  do  not  directly  oon- 
nte  to  that  resistance,  but  which,  being  necessary  for  the  con- 
Son  or  staying  of  the  parts  which  do  so,  are  essential  parts  of  the 
icture;  and  they  increase  its  weight  in  a  proportion  whicli 
in  varions  practical  examples  fix)m  once  and  a-half  to 


!o  deduce  from  practical  examples  a  formula  for  computang  the 
bable  ratio  which  the  weight  of  the  superstructnre  of  a  bridge  of 
ven  design  will  bear  to  the  external  load,  the  following  data, 
a  an  existing  bridge  of  similar  design,  are  required : — 

I,  the  span  in  feet ; 

B,  the  gross  weight  of  the  superstracture,  either  in  all  or  per 
foot  of  span ; 

«,,  the  factor  of  safety  applicable  to  that  weight  (say  3); 

\V',  the  greatest  working  travelling  load  (either  over  all  or 
per  foot  of  span)  consistent  with  a  proper  factor  of  safety  «j 
(say  6).  This  is  not  to  be  taken  from  the  actual  travelling 
load,  but  computed  as  foUowB: — Let  W  be  the  calc^Uated 
breaking  load ;  then 


W  = 


W  —  *,  B 


IVom  these  data  compute  the  following  quantity : — 


^ 


■-'(■*S> 


[I,  for  any  other  bi-idge  of  similar  detsign  and  proportions,  the 
liable  i)roportion  of  tlio  weight  of  the  superstructure  to  the 
ktest  working  travclUug  load  is  given  by  the  formula, 


B 
W 


_^ 


I 


L  — f 

=.  3,  these  formulae  become  as  follows  ■, — 

w 

B 


..,(,+.5), 
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W'~L^rr 

TKe  following  ar©  some  examples  of  values  of  L : — 

For  tubular  bridges,  not  continuous;  the  deiith 
about  1-1  Gth  of  tbe  spau  (ob  the  CoQw»y 
liridgo);  the  effective  section  two-thirds  of  the 
whole  iron, ,. 

For  tubular  bridges,  mean  depth  about  1-lCth  of 
the  span,  continuous  over  piers;  I  iu  the  fornml* 
denoting  the  8{jan  of  tlie  giititer  or  interuiediste 
bays  (as  the  Britiiniiia  Bridge), 

Wanvn  girder  bridgea,  not  continuous,  with  out 
iron  stints;  depth  about  l-15th  of  the  span,  .... 

Wiirreii  girder  bridges,  not  continuous,  with  the 
frtinio  entirely  of  wrought  ii-ou;  depth  about 
1-lOth  of  the  6|ian,..., , 

Iron  arched  bridges;  rise  about  l-lHh  of  the  span, 

Wii'e  cable  suspension  bridge;  the  di-prr^ua 
1-Hth  of  the  span;  the  cables  4-lOthB  of  the 
weight  of  the  su|xTi<tructure;  ultimate  tenacitr 
of  the  wii-e  90,000  lbs.  per  square  inch  (u 
Xiagara  Falls  Bridge), „,. , 

In  designing  railway  bridges,  W  is  in  genenil 
one  ton,  or  2,240  lbs.  per  lineal  foot  of  a  single  Uni;. 
not  canying  niilways,  tho  most  severe  moving  load 
Bumed  to  l>e  that  of  a  closely  packe<l  crowd,  tu  stated 
336,  p.  4G6;  that  is,  120  lbs.  per  square  foot  of  jJiitfomi, 
such  cases, 

W  =  120  lbs.  X  breadth  of  platform  in  foet 

For  a  bridge  with  two  platforms,  on«  carrying  a  t««i 
other  a  railway,  those  two  loads  are  to  be  combiuccL 


384. 
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i>»d  is  used  iu  engineering  works  aa  a  coi 


I 


(a.s  to  wliicb,  see  Article  337,  p.  408),  as  a  t 
cramps  into  masonry,  by  filling  up  the  cam 
ametimes  as  ameans  of  diittributing  tho  prrv-**nr( 


ncs  (fl«  to  whieh,  se«t  Article  277,  p.  4  1 4).    Aji  : 
vineaa,  afo  l\ve  WtAt^  tiA,  vVt  <\vlof  tho  voluiru 


LEAD — ZINC — TIN — COPPER — BRONZE.  fiSS 

xpoaed  to  air  or  water,  it  becomes  coated  in  a  short  time 
in  grey  film  of  oxide,  -which  protccta  the  metal  against 
KidatioD,  unless  sotne  acid  be  present  ca]xible  of  dissolving 

toe  is  used  for  covering  roofs  (see  Article  337,  p.  468),  and 
»ating  pieces  of  iron  to  protect  them  against  oxidation, 
clo  330,  p.  462.)  A  fix\sh  surface  of  zinc,  when  exposed 
',  becomes  coated  with  a  thin  tilm  of  oxide,  which  jirotects 
1  against  furtlier  oxidution,  unless  an  acid  be  present  to 
the  oxide.  The  coating  with  sdnc,  or  "  galvanizing,"  as  it 
of  thin  piectis  of  iron,  such  as  sheets  and  wires,  makes 
re  ductile,  a;id  u  little  less  tenacious  than  Ix'forc.  It  is 
•y  carefully  cleansing  the  surface  of  the  iron,  and  ydacing 
tact  with  a  solution  of  a  cf>m])oun<l  of  oxide  of  zinc  and 
.he  negative  pole  of  a  galvanic  battery  is  connected  with 

of  iron,  the  jmsitive  jxilo  with  a  plate  of  zinc  immersed 
ution.     Zinc  melts  at  a  temperature  which  is  estimated  to 

700"  Fahrenheit.  At  a  temperattire  somewhat  above  a 
it  evnpomtcs,  and  is  then  hi;;lily  combu.stible. 
'In — Allora  of  Tin. — Tiu  melts  at  42U^  Fahrenheit.  It 
K illation  lietter  tlian  any  of  the  more  common  metals, 
)ld  and  silver.  It  enters  i-eadily  into  combination  with 
i  it  is  by  immersing  well-cleansed  sheets  of  iron  in  melted 

"tin  plate"  or  tinned  iron  is  preixired,  the  iron  being 
ith  a  layer  of  an  alloy  of  iron  and  tiu,  which  passes 
finto  puj-e  tin  at  its  outer  surface.  Although  tin  is  voiy 
ductile,  most  of  its  alloys  with  other  metals  are  harder 
«r  of  the  comiKinent  metals. 

fe|^f».^ — As  to  the  tenacity  of  copper,  which  differs  oon- 
ccoi-ding  to  the  manner  in  wliich  the  metal  has  beea 
:ee  the  table  at  the  end  of  the  volume.     It  is  diminished 
two-thirds  by  a  temperature  of  600°  Fahrenheit. 
•  resists  oxidation  well,  owing  to  the  I'ormation  over  ita 
F  a  film  of  verdigris,  or  carbonate  of  copper,  which  protects 
•L      This    projarty,    together   with   its  great   strength, 
r  an  useful  material  for  fastenings  of  timber  work  and ' 
in  dtuations  where  iron  would  be  rapidly  oxidated,  and 
o  cost  of  copper  fastenings,  being  from  six  to  eight  times 
on  fastenings,  can  be  afforded. 
Iihe  use  of  sheet  copper  for  covering  roofs,  see  Article  337, 

Ivvnie. — Although  the  term  "  Brass"  is  po\»u\atlY  ft.\i\v\\e.A. 
e  alloya  of  copper,  those  in  which  it  \%  coTu\>\ue<\.  njW^b.  "Ovn 
properly  called  Jerome.     These  compo\iut\.»  vtv<a  Vax 
?r,   to  a  degree  increasing  witk   t\\e  <\\iauVAX^    «'^ 
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OP  TARIOUS  UXDEROROUND  AND  SDBMEBOED  6TSC 

Section  L — Of  TunntU. 

390.  TanncU  la  Oc-nt'ml. — As  tnnnels,  compared  whli 
cavations,  are  an  expensive  and  tedious  clnas  of  Wiirk*,  iiiii 
form  inconvenient  portions  of  a  lino  of  cummnnicaiit>]i,  the 
should  study  to  avoid  the  necessity  for  them  as  far  as  possi 
As  to  the  setting  out  of  tunnels,  see  Article  70,  p.  Hi 
The  nature  of  the  sti-ata  through  which  a  propodpil  till 
pasd  should  lie  carefully  ascertaiuecl,  not  ouly  liy  nicanik  i 
and  shafts,  but  in  some  oases  also  by  means  of  hnriwintal 
horizontal  mines  or  drljh,  along  the  inleudcd  co\r 
Shafts  and  drifts  will  be  further  d»!scribed  in  the  . 

The  most  favonmble  material  for  tunnelling  is  r»«.k  Uiu 
and  durable  witlKMit  being  voiy  hard.      Groat    fiarJu^ 
material  increases  the  time  tuid  c<.ist  uf  tunn  ci 

no  special  difficulty.     A  worse  class  of  Tan- 
decay  and  soften  by  the  action  of  air  and  moistui'e,  as 
do;  and  the  worst  are  tliosse  which  are  constantly  soft 
with  water,  such  as  quicksand  and  rnud. 

In  choosing  the  site  of  a  tunnel,  regard  should  be 
to  the  nature  of  the  raaterial,  and  to  the  ahortnew  and  di: 
the  tunnel,  but  to  the  facility  for  getting  accejis  t«>  it* 
intermediate  points  by  means  of  slia^  and  drills. 

The  engineer  should,  as  far  as  possible,  avoid  curved 
especially  those  in  which  the  curvature  is  so  sharp  or  » 
as  to  prevent  daylight  from  being  seen  through  f»>>m  cud 
As  to  the  figures  of  t\innels  whk 
a  lining  of  brickwork  or  mawmry 
fragments  of  rock  fmm  falling  froBj 
or  to  sustain  the  prt-aaun*  ■  ' 
the  htrength  and  ntability 
Article  il)7  ^ 
example  of  1 1 , 

article,  with  an  lu^tittc^  luvb  l» 
ftoov.    The  vart«  F  G,   t»   F.  of 
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Sorizoutal. 
the  minor  axis, 


O  is  the  centre  of  the  ellifise  E  B  A  B  E, 
A  O   C  about  three-fourtba  of  the   major 


inels  made  in  rock  that  is  bo  sound  as  not  to  recjnire  a 
of  niasoury  or  brickwork  to  prevent  pieces  of  it  I'l-om  fulling 
lybe  made,  if  the  rock  is  igneous,  of  almost  any  8hrt|)e  tiiat  is 
convenient  fur  the  tntdic.  The  elliptical  or  horse-shoe  form 
,y  described,  is,  however,  generally  adopt^id  for  the  sides  and 
be  floor  being  level.  In  stmtiiied  rocks,  the  strongest  form 
e  roof  is  that  of  a  pointed  arch ;  though  a  fiat  roof  has  l>een 
whero  the  rock  consists  of  thick  layers,  and  has  few  natural 

ordinary'  tunnels,  measured  within  the  masonry  or  brickwork, 
mensious  of  most  cumuion  occurrence  are — 

IleighL  Width. 

ngle  lines  of  railway,  ao  ft.  15  ft. 

inble  lines  of  raUway,  24  ft  from  34  ft.  to  30  ft. 

avigable  canals, from  14  ft  to  30  ft,  ffom  14  ft  to  30  ft 

s  nnailneas  of  tunnels  for  water-conduit«  and  di-ains  i.M  liniitwl 
e  least  dimensions  of  the  spnco  in  which  minei's  can  woik 
Qtly ;  that  is,  about  -t^  feet  high  nnd  3  feet  wide. 
I  best  source  of  information  on  the  construction  of  tunnels  is 
'.  W.  Simms's  work  On.  Practical  Tunnelling. 
.  Sbafu  •r  Piifc — Shafts  or  pits  are  sunk  for  three  purposes: 
certain  the  nature  of  strata  to  be  excavated,  as  ah-eady 
oned  in  Article  187,  p.  3.31,  when  they  are  called  ti-ifd 
;  to  give  access  to  a  tunnel  when  iu  progress,  for  the  pur- 
>f  carrying  on  the  work,  removing  the  material  excavated, 
ting  fresh  and  discharging  foul  air,  and  pumping  out  water, 
they  are  called  working  sluijh;  to  admit  light  and  fresh  air 
jrvals  to,  and  remove  foid  air  fi-om,  a  tunnel  when  completed, 
they  are  called  permanent  sha/tg. 

Trial  Sluijla  are  in  geneml  gunk  at  or  near  the  centre  line  of 
opo»ed  tunnel.  Their  transverse  dimensions  are  iixed  mainly 
,  view  to  convenience  in  sinking  them.   Six  feet  is  an  ordinary 

for  a  round  trial  shaft;  six  feet  by  four  are  ordinaiy 
us  for  rectangular  shafis.    The  shape  is  regiUated  by  the 

to  be  used  in  lining  the  shaft,  being  rectangular  in. 
red  shafts,  and  cylindrical  in  those  tb«tt  are  steined  or  lined 
tone  or  brick. 

I  number  and  distance  apart  of  trial  ahafls  are  to  be 
nined  after  previous  boring,  in  the  same  xnawTafix  «»  i«K  ». 
utting  (Article  187,  pp.  331,  332);  that  U  to  «a5,-BO  %«\\««^ 
^^-  Jtutl  down  on  tie  subject;  but  \.\ie  engvueex  tao&'v.^*'' 
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tho  "beat  of  bis  judgment,  sink  such  shafts  as  are 
to  give  him  an  accurate  knowledge  of  the  strata  to' 

II.    Working  Sfuijla  may  he  cither  rectangular  Ot^ 
usual  transverse  diniensicms  range  from  <j  feet  to  9  fp«t  j 
din  meter  is  advantflgpoua,  because  of  itsadi: 
of  material  V^eing  raised  and  lowered  s»t 
iijiart  varies,   in  oixliuary  cases,  from  50  to 
cases,  however,  it  has  been  found  nccessaiy  to  p' 
or  30  yanls  apart,  for  the  pui-pose  of  dii>chn:qBing 
other  case.H  the  height  of  the  ridge  to  l>e  titnitnl 
rendered  the  sinking  of  shafts  iuipr: 
tiint'es.     An  extreme  example  of  the 
completed  through  Mont  CeniB,  which  i-*  7 
which  has  been  excavated  entirely  from  the 
the  aid  of  shafts. 

The  range  of  working  shails  of  a  tunnel  may  He 
centre  line,  or  in  a  line  parallel  to  the  cetitrv  line^ 
distance  to  one  side.     When  the   ktter  8yMteui 
obj<'ct  is  to  keep  the  shafts  clear  of  the  exctivutii^n  and 
th»'  tunnel,  with  which  they  are  connectt'd  l'^ 

NVhen  a  working  shaft  is  to  be  used  in  o\ 
of  water  hh  the  work  proceeds,  it  ia  sunk  to  mi<  j<  ;i 
bottom  of  the  excavation  as  to  form  a  sulBcicnt 
called  a  "  sump,"  from  which  the  water  ia  raijtfd  by 
buckets,  or  by  a  pump.  Tho  most  couvenipDl  fi> 
one  that  ia  hung  in  a  stinnip  by  a  jiair  of  tru: 
nearly  traverses  the  centre  Mf  gi-avity  of  th« 
lowered,  the  bucket  is  held  upright  l)y  a  catch ;  and  aJl^ 
raised,  the  removal  of  the  catclj  allows  it  to  bo  eacilj  til' 
onler  to  discharge  the  water. 

ni.  PermaneiU  Sluyla  are  in  general  working 
l>ef^n  made  permanent  [uirts  of  the  structure,  llw 
esich  being  supported  on  a  pciinaueut  cirri,  or  ^'•.lititfaly 
of  brickwork,  or  of  cast  iron,  surrouii' 
nxif  of  tho  tunnel.     The  top  of  each 
surrounded  with  a  wall,  and  covered  with  u 

Pcriuanent  shafts  are  occasionally  met  <■  . 
great  as,  or  greater  than,  that  of  the  tiinDnL 
Bhfti'ts  at  the  ends  of  the  Thamea  tunnel  an? 
the  timnel  itself  consisting  of  a  pmir  of  sircl 
in  clear  width,  and  the  entire  width  of  ptistu); 
being  37|  feet 

IV,  Sinking  Skafis  in  sound  rock  is  pcrf 
ofK-nitiouR  of  blasting  and  qnarrying,   b' 
Artiehr  207,  p.  ^\\.    "iicv  <jt3«»  Xft  \«  •mx.^  twin 
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ilosions,  the  ■workmen  should  ascend  to  a  height  of  50  or  CO  feet 

re  the  bottom  of  the  shaft  (if  it  is  so  deep),  before  each  Mast  is 

The  noxious  fumes  produced  by  the  powder  may  be  portiaUy 

pd  or  absorbed  by  dnshing  in  a  bucket  of  water;  but  a  more 

dent  plan  of  ventilation,  esinrcifilly  in  deep  shafts,  is  either  to 

th«?  foul  air  through  a  sheet  iron  tube  leading  up  to  a 

or  to  an  exhausting  fan,  or  to  blow  fr«sh  air  down  bj 

of  a  fan  through  such  a  tube. 

""entilating  apfmratus  is  indispensable  when  foul  air  (such  as 

>mc  acid  gas,  or  "  choke  damp ")  or  inflammable  gas  ("  tiro 

»p")  is  disengaged  from  the  strata  that  are  traversed  by  the 

len  water  flowa  into  the  shaft,  it  Li  to  be  collected  at  the 
in  «  "  snmp"  or  well  of  smaller  diameter  than  the  ehaft, 
raised  by  backets,  or  by  pumping,  either  to  the  aurface  of  the 
ind  or  to  some  drift  through  which  it  can  be  discharged. 

:;> inking  Timbered  Shajts. — A  nhaft  sank  through  soft 
trials,  or  thi"ough  loose  rock,  must  be  lined  with  timber, 
)nr}',  or  brickwork. 
*be  principal  pieces  in  the  timbering  of  a  shaft,  as  well  as  in  the 
k"bering  of  iliifta,  tunnels,  and  undei-grouud  excavations  in  general, 
be  distingui.shfd  into  jyrops,  which  are  struts  or  posts,  either 
'.  or  raking,  and  usually  of  round  timber;  stlU  and  bars,  being 
jntal  pieces,  sometimes  round  and  sometimes  wpiared;  and 
ii/i{;  or  bwrds.  Props  ai-e  combined  with  gills  or  bai-s  into  fnune- 
rk  simply  by  abutting  joints  at  their  ends, 
ich  are  made  last  in  their  places  by  the 
of  spikes  called  "  hrobs"  of  the  shape 
iu  tig.  267,antl  usually  about  G  inches 
Fig.  268  represents  the  foot  of  a  j^rop 
bing  on  a  sill,  and  mado  fast  with  i'our 

l^bs,  of  which  three  arc  shown.     The  shape  

le  head  of  a  bi-ob  enables  it  to  be  knocked  Fig.  2C7.        Fig.  268. 
as  easily  as  it  b  driven  in. 

g.  2()9  is  a  section  of  a  square-timbered  shaft  of  about  9  feet 

The  timbering  consists  of  horizontal  square  frames  or  "  act- 

»,"one  at  every  six  feet  of  depth  or  thereabouts,  each  made  of  four 

Rills  of  12  inches  X  12  inches,  supported  by  round  props  of 

r  9  inches  diameter,  and  clad  outside  with  vertical    "poling 

of  3  inch  <leaL     The  shaft  having  been  simk  and  timbered 

the  earth  will  stand  for  a  time  vertical,  the  further  sinking 

as  follows: — In  the  centre  of  the  bottom  of  the  shaft  a 

kll  pit  is  dug,  at  the  bottom  of  which,  at  A,  is  laid  a  small  plat- 

of  boards;  then  by  cutting  notches  in  the  sides  of  the  pit, 

raJoRg props"  such  as  those  shown  by  dotted  lines,  are  in^aertAd^ 
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Fig.  209. 


their  lower  otids  abutting  against  a  **^foM-h7,^t- 
upper  eml«  ogaiust  tbe  lowest  scttiug,  &:> 
fiupporti     The  pit  ia  then  vtilurged  to  the  '•■•■■c 

above;  vertical  poling  boanls  arSi 
its  sides,  with  their  upper  ends 
porarily  siijiported  sqiiare  setting,  nn«l 
ends  behind  a  new  square  setting,  laid 
toin  of  the  excavation;  vortical  pru|» 
between  those  settings,  and  ma^io  laat; 
prop.s  and  their  foot-blocks  ai-o  tak 
new  small  ])it  is  dug,  and  so  on  as  U 
should  be  taken  that  tlie  enrth  \<t 
against  the  poling  ttoai-ds. 
Witter  come  in  thmugh  tlio  < 
boards,  the  tendency  of  those  sttvtuno  t 
them  particles  of  sand,  and  so  to  law 
the  earth,  may  be  counteracted 
behind  the  Ixwrda. 
VL  Sinking  Stone  or  Bncl'-linrd  Sfuifi^  (w 
cylindrical)  may  be  effected  in  two  ways;  hy  " 
by  a  "  drum-curb." 

To  sink  a  shaft  by  underpinninff,  it  i«  first  d 
earth  will  istaad  vertical.    At  the  bottom  of  the  ex< 
*'  curb ,"  tliat  ia,  a  flat  ring,  whose  internal  diamet 
intended  clear  diameter  of  the  shaft,  and  ita  b 
thickness  of  the  brickwork  (nsuidly  9  inches).    It  i 
elm  planka  3  or  4  inches  thick,  cither  in  one  U;^ 
joints  with  iron,  or  in  two  layei-s  breaking  joints' 
Kcrewed  t<igether,    On  thi«,  to  line  the  lii-st  diviai 
cylinder  of  briekM'ork  is  bnilt  in  hydranlie  ni" 
tlie  centre  of  the  floor  is  dug  a  small  pit,  as  i- 
V.  of  this  article,  at  the  bottom  of  which  n     ' 
support  itiking  props,  which  ai*e  insei-te<l  t 
to  the  curb  with  its  load  of  brickwork ;  the  \ 
diameter  of  the  shaft  above;  on  the  Ixjttom 
laid  a  new  crnb,  on  which  i»  built  a  new  il 
giving  pcmiuncnt  snjjport  to  the  upj>cr  cnr ' 
their  foot- blocks  are  removed ;  a  new  j>it  i.^ 
Care  should  be  tulcen  that  the  earth  is  li 
brickwork,  nnd  that  the  shaft  is  airried  dM^.  ;, 

A  Drum  Curb  (tig.  270),  which  may  be  n 
ii-on,  consists  essentially  of  aflat  ring  for  m 
and  of  a  vertical  hollow  cylinder  or  drm;.. 
diameter  a*  the  brickwork,  8npi>orting  the  Ktty 
bevelled  lo  a  «>\vikr^  u^^^  \w\u-w .    The  dnuu 
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Fig.  270. 


ry  by  an  additional  ring,  and  ita  cotmcction  with  the  rings 

■e  secure  by  brackets,  as  shown  in  the  figure. 

the  shaft  has  been  sunk  as  far  as  the  earth  will  stand 

ho  drum-curb  is  lowered  into  it>  and  the  building  of  the 

inder  commenced,  care  being  taken  to 
each   course   of   bricks   before   laying 

n  order  that  the  curb  may  be  equally 

I  round.     TLe  earth  is  dug  away  frooi 

ior   of  the   drum ;   and  this,  together 

giiidually  increjiaing  load  of  brickwork, 

;  sliar|)  lower  edge  of  the  drum  to  sink 

ai-th ;  and  thus  the  digging  of  the  shaft 

torn,  the  sinking  of  the  drum-curb,  and 

lining  which  it  carries^  and  the  build- 
brickwork  at  the  top,  go  on  together. 

:are  must  be  taken  so  to  regulate  the  digging  that  the 

I  sink  vertically. 

the  friction  of  the  earth  against  the  outside  of  the  shaft  at 

Fae  so  great  as  to  stop  its  descent,  before  the  requisite 
ined,  a  smaller  shaft  may  be  sunk  in  the  interior  of  the 
A  shaffc  so  stopped  is  said  to  be  "  earth-fast" 
''emporary  Support  of  Working  Sha/ls. — When  a  working 
ink  in  the  centre  line  of  an  intended  tunnel,  it  is  obvious 
completion  of  the  excavation  for  the  tunnel  will  remove 
rt  from  l>elow  the  lining  of  the  shaft,  which  support  will 
splaced  when  the  arching  of  the  tunnel  is  completed, 
ire  two  modes  of  giving  temporary  support  to  the  shaft, 
w  and  from  above. 

b  from  below  is  given,  if  the  ground  is  solid  enough,  by 
b  pair  of  strong  parallel  sills,  say  16  inches  square,  and  10 
r  than  the  intended  span  of  the  tunneL  Each  of  them.^  i» 
1  the  shaft  in  three  pieces,  which  arc  inserted  into  small 
drifts  i-unniug  at  right  angles  to  the  hue  of  tunnel,  about 
t  above  its  inttinded  roof,  and  ai-e  there  scarfed  togetlier. 
I  are  then  rammed  up.  The  distance  between  the  l^'o 
Ll  to  the  clear  width  of  the  shal't  They  support  a  square 
ph  supports  the  lowest  curb  of  the  part  of  the  shaft  to  be 

the  material  be  too  soft  to  admit  of  this  mode  of  aupjiort, 
lills  (each  of  which  may  now  be  in  one  piece)  are  to  be 
B  surface  of  the  ground  over  the  mouth  of  the  shaft  across 
Itimnel,  and  somewhat  closer  together  than  the  width  ot 
I  The  lower  end  of  the  shaft  is  earned  by  a  strong 
jtoie,  which  is  hung  from  the  two  sills  by  means  of  four 
m  suspending-rods  or  ohaiua. 
2<i 
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The  part  of  the  shaft  thus  temporarily  soi 
lined  with  brick;  the  part  below  the  tcmpormiy 
with  timber,  which  is  removed  iu  the  coarse  of-^ 
of  the  tannel. 

392.  l>rUi*«  MlHca,  or  Headlaga,  are  small  horiaont 
onderground  passages,  made  in  order  to  t^xplore  the  i 
line  of  an  intended  tunnel,  to  drain  off  water,  and  to ; 
ranging  of  the  Ime  and  levels  aud  setting  out 
Article  70,  p.  1 1 4),  the  access  of  the  workmen, 
of  materials;  and  for  the  last-mentioued  purpose 
furnished  with  small  temporary  railwaya 

L  J^ositions  of  Principal  Ucaul'uvjs. — Tlic  working 
tonucl  are  almost  always  conm«cted  together  by 
ing,  which  accordingly  rnns  either  along  or 
line  of  the  tnnnel.  In  some  cases  the  heading ' 
centre  line,  while  the  working  shafts  lie  at  on©  sidc^  i 
nected  with  the  main  heading  by  cross  headings, 

When  a  tunnel  runs  through  a  steep  hill,  near  or 
of  the  aides  of  the  hiU,  crt^s  headings  opening  above'; 
hillfflde  may  be  used  instead  of  working  ahafls;    bt^ 
seldom  occur. 

In  tunnelling  through  soft  and  wot  ground  the  nMet  j 
level  for  the  principal  heading  is  at  or  near  Um- 
tunnel.     In  hard  antl  ilrjr  materials  it  may  bo 
Other  positions  will  bo  mentioneii  farther  oru 

XL  The  least  Dimensums  of  a  Ueadiny  in  which 
veniently  work  are  about  3  feet  broad  and  4.^  or  5  feeil 

III.  JTeadingt  i»  Solid  liock  are  driven  by  *'frirtinf  < 
ing,  as  to  which,  see  Article  207,  p.  344. 

Machinery  has  been   used   for  driving  headings, 
remarkable  is  that  employed  at  the  tunnel  now  compl 
Mont  Cenis  (see  p.  oDO).     It  ronsistn  of  a  number 
inmpcnt,  driven  at  the  rate  of  about  2fiO  blows  Mr 
means  of  air  compressed  to  five  atmospheres,  ana  an 
tlie  mine  through  pipes.     The  air  is  supplied  and 
hydraulic   machinery  near  the   outer   entl  of  the 
jnnijnng  by  hand,  each  jumper  makes  a  jioi 
blow.     By  the  use  of  from  nine  to  eleven 
ite  own  air-cylinder  for  6  or  8  hours,  aUntt  &u  hall 
to  3  feet  long,  aud  almost  all  about  1  |V  >t)vh  diamoU^ 
the  face  of  rock  at  the  end  of  tin  !'<i»e  ", 

for  blasting  by  gunpowder;  at.  rajje 

I  About  li  yai-<l  per  day  of  a  hcftil 
lax  WBeA  to  Otrvf e  IW  toajchmes       .  ua 
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Timb«r«d  Headings, — Headings  in  loose  and  soft  material* 

ed  with  timber,  tlio  principal  parts  of  the  timbering  being, 

other  cases  of  the  timbering  of  excavations,  horizontal  pieces, 

and  poling  boards.     Fig.  271  is  a  longitudinal  section  of  a 

diog  in  earth  pi-oceeding  in  the  direction  shown  by  the  arrow. 

frames,  or  "  settings,"  arc  placed  at  from  2  to  3  feet  apart,  and 

made  of  round  timber  5  or  6  inches  in  diameter,  so  that  the 

can  be  easily  handled  by  one  man.     The  843ction  shows  the 

d-siUs  resting  in  grooves  cut  in  the  floor,  the  props  stand- 

them,    the    upi)er    horizontal    jjieces,   allied   "  cap'-sills," 

on  the  props,  and  the  poling  boards  driven  between  the 

and  the  sides  and  top  of  the 

.vation.     These  boards  arc  nsually 

f  inch  to  an  inch  thick.     In  run- 

and  other  soft  and   wet 

poling    boards    are    laid 

er  the   bottom  sills  also,   so  as 

pletely  to  enclose  the  heading ;  and 

.'«r  is  packed  behind  the  boards, 

:«^p  sand  from  running  in  through 

I  ks.     The  operations  of  carrying  the  beading  forward  are  na 
•       : — ^Drive  a  set  of  poling  boards  forward  into  the  oarth, 
n  the  la^  setting  and  the  forwaixl  ends  of  the  last  set  of 
boards;  then  excavate  the   earth  within   the  new  set  of 
kards,  and  insert  a  new  setting,  and  so  on. 

"V-  Precautiojiary  Barings.  —  In  driving  a  mine  through 
noiiBd  in  which  it  is  possible  that  cavities  containing  large 
oantities  of  water  may  be  encountered,  borings  ought  to  be 
urried  forward  both  directly  and  obliquely  in  advance  of  the 
e,  in  order  that  the  neighbourhood  of  such  cavities  may  be 
rtained  in  time  to  guard  against  sudden  outbreaks  of  water  into 
mine,  and  that  the  water  accumulated  in  them  may  escape  by 
egrees  and  without  danger  through  a  boi-e-hole.  This  precaution 
especially  necessary  in  approaching  old  pits,  mines,  or  tunnels, 
hi<Ji  are  veiy  generally  found  to  be  full  of  water. 
VI.  The  Coat  and  Labour  of  Mining,  all  things  included,  such  as 
Hasting,  timbering,  removing  wnter,  lights,  tem]»orary  rails  and 
aggona,  «kc.,  vaiy  from  five  times  to  twenty  times  the  cost  and 
ibour  of  excavating  tlie  same  quantity  of  the  same  material  in  the 
pen  air. 
393.  Taaael*  la  Dir  aad  lk>lid  B«ck  are  in  general  excavated  by 
iviog  a  heading  immediately  below  the  intended  roof  of  the 
Uiuiel,  from  which  heading  the  excavation  is  extended  sideways 
downwards  by  blasting  and  quarrying. 
Theae  operutioaa  require  labour  to  the  extent  of  from  t\vxeerio\xc^ 
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of  a  day's  work  to  three  days'  work  of  a  miner  per  cuUk 
.according  to  its  hardness,  being  consiilemblj  tuore  Uui 
'in  the  open  air. 

The  following  data,  on  the  Ruthority  of  B-^ 

tribution  per  ctnit,  of  the  coat  of  excavating  .; 

Jura  limestone,  which  required   1'15  days'   work  of 

excavate  each  cubic  yard : — 

Workmen's  wages, 45  per  ( 

Blasting  powder,...., 15 

Fuses, 3 

Lamp  oil, ,„ 8 

Boring  tools, 39 

100 

This  tunnel  advanced  at  the  rate  of  about  a  foot  per 

31^4.  TniiBeU  In  Drr  FiMorrd  R*ck  require  brick  or 
ing  within,  to  guard  against  the  fall  of  portious  of  the 
most  convenient  Mray  to  make  thetn  is  in  gi-UL-r*!  to 
heading  running  along  close  below  the  roof  of  the  exc»' 
extend  the   excavation  sideways  and  downward^  to  Um4 
each   side  of  the  tnnnel,  leaving  a  wall  of  i-ix^k   "tj^ndinf  ■ 
.middle.    This  wall  is  used  as  a  pier  to  supjw  . 
(should  such  be  required)  for  the  ro<if  of  the  ex. 
support,   the  centi-ea  for  the  arching,  which  is  .H 

close  behind  the   excavation   oa  the  couveuieij.  ''^ 

admit.    Wlien  the  arching  is  complete,  and  the  cvtittev  >UtW 
central  wall  of  rock  is  cut  away. 

All  hollows  between  the  brickwork  and  the  mck  shouMte 
fully  filled  with  concrete. 

I'he  labour  of  executing  brickwork  in  tunnels  (tnclodlf  V 
lights)  is  about  double  of  that  of  executing  the  tauM  ijpd 
brickwork  above  ground. 

395.  THBarU  im  9oft  naicvteu, whether soclins an* Soft M 

finit,  or  such  as  become  soft  by  exposure  to  air  and  laaiilBl 

some  kiikds  of  clay,  require  timbering  to  sup{K>rt  tiio  •i^'M 

|fif  the  excavation,  constructed  on  the  same  prii>ci|d(s  «iidi  i| 

leadings. 

In  Bucl)  tunnels  a  principal  heading  is  in  goncml  reqaotii 
level  of  the  floor,  for  pui'i>oses  of  drainage. 

The  excavation  of  the  tunnel  is  carried  on  in  v»rb>iB 
which  will  here  be  desa-ibed  is  the  metlf   i  '  -ek 

account  \H  given  by  Mr.  Simuis  in  Jiis  / 


TCs>'ELLixa  ry  soft  uattrialb. 


The  tunnel  ia  executed  in  lengtlis,  each  of  about  12  or  15  feetj 
Chese  are  designated  as  follows,  in  the  order  in  which  they  ai"a 
aoKecuted : —  , 

Side  letigth*,  on  each  side  of  a  working  shaft. 
Leading  lengOi^,  in  prolongation  of  the  tunnel  from  the  sidelcngtha* 
Junction  lengt/ts,  where  two  portions  of  the  tunnel  meet  midway 
^  between  twoahafbj. 
^         Shaft  lengths,  directly  under  the  working  shafts. 

The  first  operation  in  commencing  a  side  lengthy  leading  length, 
^  ::>r  junction  length,  is  to  drive  a  heading  at  the  top  of  the  escavationj 
'^whose  roof  must  be  1^  or  2  feet  above  the  intended  top  of  thej 
i:.>rickwork.  j 

*         From  that  heading  the  excavation  is  extended  sideways  anc 
llSovmwards    by    a    process    exactly 
^Mdke    that  of  driving  a  heading,  as 
©■wn  in  fig.  272,  which  is  a  cross- 
tion  of  the   exca%-ation,  after   it 
been  extended  a  short  distance 
tLe  right  of  the  top  heading.  The 
rth  is  supported  by  poling  boards, 
h  i  ch  are  supported  by  strong  hori- 
utal  timbers  called  bara,  8  or  10 
dies  in  diameter.    The  after  ends 
these  bars  are  supported, — 
In  aide  lengths,  by  props  resting 
^nx    the  firamework  of  the  working 
abaft; 

In  all  other  lengths,  by  the  top 
of  the  arch  of  the  previous  length; 

And  they  are  kept  asunder  by 
^our  or  five  shoit  struts  between 
«ach  pair.  The  forward  eada  of  the 
Txxns  rest  on  propa,  each  of  which 
stands  on  a  foot-block. 

Fig.  273  is  a  longitudinal  section, 
showing  the  timbering  of  the  ex- 
cavation of  a  length  of  the  tunnel 
•when  complete;  the  pieces  being 
lettered  in  the  order  in  which  they 
are  put  in. 

A  Bxo  bars  already  mentioned, 
co\-ered  with  poliug  boards. 

B,  props  resting  on  foot-blocks,  and  covered  with  poling  boards, 
WHien  the  excavation  has  been  carried  down  to  the  level  of  these ' 
loot-blocks,  there  is  inserted— 


Fig,  278. 
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C,  a  BtroBg  sill  (say  13  inches  sqwsr?),  oent  ♦?»>wb 
and  scarfed  together.     It  extends  ooi 

and  1^  or  3  feet  into  the  earth  at  t.i 
the  earth. 

D,  props  inserted  so  as  to  rest  on  the  sill  C  and 
bars  A.     Places  are  now  eat  to  receive 

E,  struts,  2  or  3  in  number,  10  inches  in  diameter,  or 
■nrhose  forward  ends  abut  against  the  sill  C,  and  thi 
ends  in  side  lengths  against  the  timbering  of  the 
other  lengths  against  notches  in  the  completed  brier 

The  excavation  being  by  degrees  carried  down, 
Berted — 

F,  raking  props  below  the  rill  C,  standing  on 
covered  in  front  with  poling  boards.     When  the 
been  carried  down  to  the  level  of  the  foot-blocks,  there 

G,  a  lower  sill,  similai-  to  C;  and  this  is  ultimat*?!] 
and  kept  in  it.s  place  by  stmts  I  and  raking  props  £, 
manner  with  C. 

L  is  part  of  the  bottom  heading. 

The  bottom  of  the  excavation  is  formed  with  gnat 
receive  the  invert,  or  inverted  arch,  which  forms 
brickwork,  the  levels  being  set  out  as  deecri 
p.  1 1 G.     The  invert  and  side  walls  are  built  acco' 
described  in  Article  252,  p.  392;  and  the  arch 
centres,  consisting  of  three  ribs  under  each  It 
centres  have  ribs  of  iron,  with  screws  un<lpr 
centres  are  usually  supported  on  cross  sills,  whi 
supported  partly  by  posts  resting  on  the  floor, 
ends  1}eing  inserted  into  holes  in  the  idde  walls,  wbi^ 
after  the  centi-es  are  struck. 

After  the  brickwork  of  a  length  has  been  bailt, 
crown  bars  which  lie  above  the  arch  can  '"■  i^iill 
Bcrvc  for  the  next  length ;   those  which 
All  spaces  between  the  brickwork  and  tLt  <<...,,  nii 
rammed  up. 

The  following  was  the  distribution  of  tlie  cost  of 
tunnel,  according  to  Mr.  Simius : — 

Materials. 

Bricks, ^o\ 

Gement, ,. n 

Timber, rii 

Ironwork, »,, M 

Miscellaneous, S\ 

Cammed  €QrwB.td, _  -^^ 


TUSSELUSa, 


599 


Brought  forward, £• 

Labotjh. 

Mining — Shafts,  L^atUng, &c., 3^ 

„  TunnelliDg, 15I 

^9 

Bnckwork, 12 

Miscellaneous  Ezpenber, 
Sach  as  timnel  entrances,  culvert,  machinciy, 

buildings,  inspection,  <fec., 7 


The  total  cost  per  yard  forward  was  about  £72:  the  clear 
iensions  of  the  tunnel  being  24  feet  X  24  feet,  and  the  brickwork 
1  foot  10^  inches  to  3  feet  thick. 
The  form  of  croB»«ection  ia  that  already  given  in  fig.   266, 
688. 

396.  Taaad  Pr»«i»-  Pfmiwge, — A  tunnel  fipoot  consista  of  span- 

"  walla  above  the  arch,  and  wing  walls  at  each  aide,  like  those 

«  bridge.     To  secure  the  end  of  the  arch  against  the  tendency 

Uie  slope  of  earth  above  it  to  push  it  outwards,  it  may  be  tied 

by  longitudinal  iron  rods  to  a  horseshoe-iihapcd  cuj-b  of  cast 
boilt  into  the  brickwork  at  a  distance  back  front  the  front 
boat  equal  to  the  height  of  the  tunneh 
A  tnnnel  which  bos  no  invert  may  be  drained  by  means  of  a 
of  aide  drains,  like  a  cutting ;  but  where  tliere  is  an  invert,  tlie 
drain  should  be  a  central  culvert,  of  which  the  invert  itself 
y  form  the  floor. 

A  catch-water  drain  slioiild  divert  the  sor&ce  water  which  might 
^erwise  flow  over  the  timnel  Iront. 

397.  THBMelUac  !■  Mad. — The  celebrated  tunnel  of  the  elder 
Sroncl  under  the  Thames  consists  of  a  rectangular  mass  of  brick- 
rork  laid  in  cement,  37*0  feet  broad  and  22  feet  high,  containing  a  • 

of  parallel  horseshoe  archways,  each  14  feet  span  and  17  fe 
which  are  connected  together  by  small  cross  archways 
Is.     The  least  thicknesses  of  the  brickwork  are,  at  the  cro\ 
e  arch  2j  feet,  at  the  base  of  the  invert  2^  feet,  at  the  sides  Si 
in  the  central  wall  3^  feet.     The  whole  mass  of  brickworkl 
eats  on  a  base  of  elm  planks  3  inches  thick. 

In  driving  this  tunnel,  the  place  of  the  timbering  of  the  ex- 
cavation described  in  Article  305,  was  supplied  by  a  machine 
Balled  a  "  shield,"  which  was  pushed  on  in  advance  of  the  brick- 
vork  at  a  distance  of  aboat  eight  feet.  The  s\ue\d  waa  oi.  \3cMi  su&b 
itaensi'ous  with  the  masa  of  biiokwork.    It  oon^alte^  <&  \:«i^« 
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equal  and  mmilu'  divisions  standing  vertical  I  j  idde  by 
capftUe  of  being  [tushcd  forward  to  a  short  distance  indepcii 
of  each  other.  Each  division  consisted  of  a  cast  and  wruugl 
frame  about  3  feet  broad  (to  allow  a  aroall  space  bctwei 
frames),  containing  three  stnges  for  workmen.  It  had  two  ca 
feet,  resting  on  tlie  floor  of  elm  planks;  on  these  feet  it  wj 
ported  by  a  jiuir  of  hinged  legs  of  lengths  adjnstuble  by  acrei 
nad  an  iron  roof  extending  back  to  the  brickwork,  and  a 
jack-BcrewB  at  the  top  and  bottom,  abutting  againat  the  fim 
of  the  brickwork,  to  push  it  forward.  The  several  firanicfl  fttt 
nected  together  by  hinged  arms,  nearly  vertical,  to  enable  tl 
afford  sn|i[)ort  to  each  other  when  n-quired.  The  spooeB  at  eai 
of  the  shield,  extending  back  from  the  face  of  the  excavation 
brickwork,  were  guarded  by  iron  platea  Each  frame  had  ii 
of  it,  extending  from  top  to  bottom,  a  range  of  poling  boardi 
poling  board  was  3  inches  thick  and  6  incbes  broad,  ti 
preaseid  against  the  material  in  front  by  a  pair  of  sniAll  jack- 
abutting  agaiuBt  the  frame. 

The  following  ia  an  outline  of  the  process  of  exoavatioi 
this  apparatus : — Take  out  the  upf>ormost  poling  board  in  fi 
a  frame,  cut  away  about  3  inches  of  the  stuff  in  front,  renk 
poling  board,  with  its  screws  now  abutting,  not  against  tJie 
directly  behind  it,  but  agiiinst  the  two  frames  at  each  side  of 
screw  it  forwiird  till  it  again  presses  against  the  earth.  I^roc 
this  way  till  the  whole  range  of  fjoling  boards  have  been  adt 
throe  inches,  their  screwa  abutting  against  tho  two  framM  tA 
aide  of  their  proper  frame ;  shorten  the  legs  of  tho  latter  ftai 
as  to  lift  its  feet,  and  advance  them ;  then  push  forward  the  i 
^  inches  by  means  of  ita  large  abutting  screws :  it  is  suppon 
Iiavo  been  previously  three  inches  behind  the  adjoining  fnmm 
ia  now  three  inches  in  advance  of  them.  Repeat  the  1 
operation  of  advancing  the  poling  boards,  restoring  their  sen* 
their  projiev  fnime.  This  entire  operation  having  been  perfomitt 
six  altcnmte  fmmcs  at  the  same  time,  the  same  opcr 
fomifd  on  the  other  six  alternate  fiamea,  and  so  on  uu 
shield  bus  been  advanced  far  enough  to  admit  of  a  new  nug  uJ  bm 
work  being  built.  In  order  to  advance  the  brickwork  bduol 
given  frame  of  the  shield,  the  poling  boards  of  that  frame  aW 
have  their  screws  abutted  against  the  adjoining  frame,  ao  tltstli 
great  abutting  screws  may  be  removed  from  the  front  of  tlie  jart 
the  brickwork  which  is  in  progress. 

The  shafts  at  the  two  ends  of  the  tunnel  have  been  nifnlii« 

Article  391,  p.  690.     The  Rotherhilhe  shafi  was  suuk  M| 

I  a  drum-curb,  and  about  iis  much  farther  by  underptstting;  i 

tapping  aholtweawink  to  its  whole  depth,  72  feet,  c 
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f     (For  details  of  the  TbameB  tuDuel,  aee  Weale's  Quarterly  Papera 
^9H  Engineering,) 

^    The  Thames  tunnel  cost  ;£1,137  per  yard  forward,  or  nearly 
*£i  2  5s.  per  cubic  yaxd  of  its  entire  bulk. 

h~  Section  IL — -0/  Timber,  Iron,  and  Submerged  Foundations. 
398.  Ocnoml  Principlra — Sabmrrgcil  P«aniliiiioBa. — Foundations 
■ch  can  be  executed  by  the  use  of  earthwork  and  masonry  alone 
fb  already  been  ti-eated  of  in  Chapter  IT  I.  of  this  Part,  Section 
^,  Articlea  235  to  239,  pp.  377  to  382.  The  present  section 
elates  to  those  foundations  which  involve  the  use  of  structures  in 
ifnber  and  iron,  and  of  operations  under  "water. 

The  general  j>rinciple8  already  explained  with  reference  to 
rdinar)'  foundations,  viz.,  that  the  Imse  should  l>e  as  nearly  aa 
oeciiblc  peryiendicular  to  the  resultant  pressui-e,  and  that  the  centre 
f  pressure  should  not  de\-iate  from  the  centre  of  figure  of  the  base 
leyond  certain  limits,  are  ap7>licable  to  the  foundations  considered 
A  the  present  section  also.  The  mathematical  expression  of  tliose 
Winciples  has  been  given  in  Articles  236,  237,  pp.  377  to  380. 

In  calculations  respecting  the  staldlity  of  structures  whose 
buudations  are  submerged  in  water,  it  is  to  be  borne  in  mind  that 
the  pressure  of  the  water  on  the  immersed  part  of  the  stnictuix-  has 
khe  same  effect  as  if  the  weight  of  that  part  were  diminished  by  an 
[UDOunt  equal  to  the  weight  of  an  eqiml  volume  of  water;  that  is, 

Pif  "the  heaviness  of  the  immersed  part  of  the  stnicture  were 
linished  by  02-4  lbs.  per  cubic  foot  (Sec  Article  107,  Division 
.,  p.  165.) 

399.  Vo«iid«ii««a  •n  Timber  piniromiB  are  employed  where  the 
nnd  is  too  soft  and  wet  for  the  expetlients  mentioned  in  Article 
'39,  p.  381.  The  best  European  timber  for  such  platforms  is  elm 
E*  oak.  Beams  of  from  10  inches  to  1  foot  square  are  laid  about  3 
ct  apart,  in  two  layers,  crossing  each  other  so  as  to  form  a  gi^t- 
^,  the  space  between  them  is  filled  with  concrete,  and  aliove 
[^rm  is  laid  a  layer  of  planking,  3  or  4  iuchcji  thick,  on  which  the 
■jjding  rests.  Another  mode  of  constnicting  such  platform.'?  is  to 
several  layers  of  planks  and  pin  them  together.  In  order  that 
ber  platforms  may  be  durable,  they  should  be  constantly  wet 
-4O0.  F«««dati«n*  •■  iroa  piatr«raia  are  of  too  recent  introduction 
l>e  yet  capable  of  reduction  to  general  principles.  As  a  practical 
XKiple,  however,  of  a  platform  of  this  kind,  may  be  cited  the  cast 
>t»  invert  lately  substituted  for  a  stone  invert  in  a  lock  at  Grange- 
U.t;h,  as  described  in  a  paper  by  the  engineei*,  Mr.  Milne  (see 
"Ttsaclionsqfthe  Institution  o/Engineera  in  Scotland  for  1859-00). 
lock  is  30  feet  broad;  the  depth  of  water  18  feet  C  inch«j 
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Bide  Tralla  about  8  feet  thick  and  20^  feet  high;  the  uitnt 

Siestion  consiats  of  a  series  of  trough-shuped  cast  iron  girden,  \ 
oso  togother  side  by  side,  and  bolted  to  eiich  other  throogli  tter 
vertical  sides;  each  of  them  is  2  feet  broad,  21  inches  deep  at  4k 
apriuging,  12  inclica  deep  at  the  centre  of  the  invert,  and  2 
thick;  each  of  their  vertical  sides  has  a  flat  horizoutal  flange 
top,  4  inches  broad.     The  truuRh-shaped  interior  of  each  girder; 
filled  with  concrete,  coveretl  witli  a  layer  of  bricks  laid  in 

401.  iili«rt  File*  are  driven  in  order  to  compress  and  rininliifali 
the  soil.     Thoy  an^  usually  of  round  timber,  from  6  to  9  incdn  t» 
diameter,  and  from  6  to  12  feet  long,  and  aro  planted  aa  • 
each  other  as  is  practicable  without  causing  the  drrvizig  of  < 

tx)  make  the  others  rise.     The  outside  row  of  piles  should  be  litiirv 

first,  then  the  next  within,  and  so  on  to  the  centre.     The 

■:iO0>UK)li(lat«>d  soil  and  piles  thus  prtx)uce<l  may  be  trganisdi 
IhriBpeeta  the  relation  between  its  bulk  tiiid  the  load  th^  it 
in  the  same  light  as  if  a  trench  had  been  dug  of  the  same  Tohaai^ 
uud  filled  with  a  stable  material ;  as  to  which,  see  Artide  S3St 
p.  381.  On  the  top  of  the  piles  may  be  placed  either  a  platfirm.i 
layer  of  concrete,  or  both. 

402.  BeariBg  pum  act  08  pillars,  each  supporting  ita  share  of  tlw 
^■uht  of  the  building.  They  may  either  be  driven  through  tk 
^Bf  stratum  until  they  reach  a  firm  stratum  and  penetmie  •  aboB 
^flRancc  into  it ;  or,  if  that  be  impracticable,  thoy  may  be  iimn—td 

wholly  by  the  friction  of  the  soft  stratum.     It  apixtan  from  imdid 
examples  that  the  limits  of  the  safe  load  on  piles  are  as  faUowi>- 

For  piles  driven  till  thoy  reach  the  firm  grotmd,  1,000  Hai  pV 

square  inch  of  area  of  head. 
For  piles  standing  in  soft  ground  by  IHctiou,  200  lbs.  per  ■q[iBBi 

inch  of  area  of  head. 

Tlie  diameters  of  long  piles  range  from  9  inches  to  18  inche»,nl 
should  never  be  less  than  l-2Uth  of  the  lengt,h.  Their  tlislAooe  Im 
centre  to  centre  avomgeH  alx)ut  3  fi^t,  and  is  seldom  less  than  S^  ftiC 

The  best  material  for  them  \a  ebn,  whi^h  shotild  be  ehonftS 
fitraight-graiuod  as  ^)0»<8ible.  Tlie  bark  should  be  renmved,  uA 
knots  or  rongli  projections  smoothed  off. 

Files  sliould  be  driven  with  the  butt  or  natural  lower  end  of  til 
timber  downwards.  It  is  roxigUy  sharpened  to  a  point  wks 
length  is  from  1|  times  to  twice  its  diameter;  and  shoold  BtOM* 
other  hard  materials  occur  in  the  strata  to  be  pierced,  th»  part 
must  be  fitted  with  a  "  shoe"  of  cast  or  wrought  iron,  fiwrtfTirt  m 
vith  spikca  The  weight  of  these  shoes  averages  about  l-lOOth  pH 
f  that  of  the  pilea 

'To  prevent  the  head  of  a  pile  from  being  ^lit  or  bmiaed  kf  lb 
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the  **  ram"  used  in  driving  it,  it  is  bound  with  a  wroagbt 
boop. 

le-diiving  engines  are  of  various  kinds.  The  simplest  i&  the 
'fi7^g  engine"  in  wliich  tlio  ram,  weighing  about  8(30  lbs.,  and 
og  between  timber  guides,  is  attached  to  one  end  of  a  rope 
1  passes  over  a  pulley.  The  other  end  of  the  rope  branches  out 
V  number  of  smaller  ropes,  each  held  by  a  man,  in  the  pru- 
>u  of  one  man  for  each  40  lbs.  weight  of  the  ram,  or  there- 
&  The  men,  pulEng  all  together,  lift  the  ram  3  or  4  feet,  and 
jiven  signal,  let  go  all  at  once,  so  as  to  drop  it  on  the  head  of  the 

It  is  found  that  they  work  most  eifectively  when,  after  every 
t  minutes  of  exertion,  they  have  an  interval  of  rest  j  and  imder 

circumstances  they  can  give  about  4,000  or  5,000  blows  per 

the  "vwnkey  engine"  the  ram,  weighing  about  400  lbs.,  and 
by  a  staple  in  a  pair  of  tongs,  is  drawn  up  10  feet,  15  feet,  or 
IT  if  necessary,  by  means  of  a  windlass ;  at  the  top  of  the  lift 
andlea  of  the  tongH  come  in  contact  with  two  inclined  planes 
1  cause  them  to  let  the  ram  fall ;  the  tongs  are  then  lowered, 
liave  jaws  so  shaped  that  on  reaching  the  staple  at  the  top  of 
im  they  lay  hold  of  it  again.  The  windlass  may  be  diivon  by 
horses,  or  steam  power. 

e  steam  hammer  is  sometimes  used  for  driving  piles ;  and  also 
igine  somewhat  on  the  same  principle,  in  which  the  ram  is 

by  the  pressure  of  compressed  aii".  In  such  machines  rams 
eat  weight  are  sometimes  used,  such  as  1  ton,  or  a  ton  and 
I 

.68  may  be  driven  in  a  direction  either  vertical  or  raking,  ao- 
ag  to  the  position  of  the  guides  between  which  the  ram  slides, 
direction  should  be  parallel  to  that  of  tlie  pressure  which  they 
}  resist. 

hen  the  head  of  a  pile  Ls  to  be  driven  below  the  reach  of  the 
e  of  tlie  ram,  the  blow  is  transmitted  from  the  ram  to  the  pile 
eans  of  an  intermediate  short  post  of  timber  called  a  "puncftf" 
ioUij." 

xxnxling  to  some  of  the  be.st  authorities,  the  test  of  a  pile's 
ig  been  soflSciently  driven  is,  that  it  shall  not  be  driven  more 
<m»-jifih  of  an  inch  by  thirty  blows  of  a  ram  weighing  800  lbs. 
aUing  5  feet  at  each  blow ;  that  is  to  say,  by  a  series  of  hlowB 
B  total  mechanical  energy  amounts  to 

K  30  X  800  X  5  =  120,000  foot-pounds.* 

In  fbHowing  fonnulio  ihow  the  niation  between  the  bloir  requind  to  drirv  b 
giren  depth,  and  the  graataet  load  that  it  nill  bear  witbont  sinkiiig  fartlwr, 
ing  it  to  be  supported  hj  wa  anifonaly  dialributed  friction  agiiiut  it>  lidM. 


i 
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Files  are  drawn,  wheu  required,   by  means  of  tlM  I 
prefis. 

When  a  firm  stratum,  into  which  the  poiota  of  a  set  of 
driven,  underlies  a  stratum  bo  soft  that  their  Uterai  irt 
doubtful,  a  ma&s  of  loose  stones  maj  be  thrown  in  round 
give  them  the  steadiness  which  they  want. 

After  the  driving  of  a  set  of  pilea  has  been  complin— 
heads  are  to  be  sawn  off  to  the  height  required  for  the  ia| 
the  platfomu 

The  soft  ground  round  the  tops  of  the  piles  is  then  to  bt  ^ 
out  to  a  depth  which  in  ordinary  cases  ranges  from  Zio5UA 
the  space  filled  with  hydraulic  concrete,  laid  in  layers  not 
1  foot  deep. 

The  platform  supported  by  the  piles  consists  of  a  ffA 
beams  of  10  or  12  inches  square,  called  aring-pi^eea  and  enf, 
half-notched  into  each  other  over  the  heads  of  the  piles,  to 
they  are  fixed  by  treenails,  and  covered  with  planking  S«4* 
thick.  The  spaces  between  the  beams  of  the  grating  •» 
filled  with  hythtiuUc  concrete.  The  beams  on  the  top  of  lk» 
most  rows  of  piles  are  usually  made  so  deep  that  their 
surfaces  are  flush  with  that  of  the  planking,  which  is  raW* 
them ;  that  is,  sunk  in  a  groova  Those  beams  arc  in  '^ 
called  the  capping. 

Piles  may  be  driven  into  i-ock  by  first  jumping  hola  io 
little  less  diameter  than  the  piles. 

For  cast  iron  piles,  the  best  form  is  that  of  a  tuba    l^f^ 
their  being  broken  by  the  blows  of  the  ram  in  drfriag  tb 

Lei  \V  be  the  weight  of  the  ram. 
A,  the  lieight  from  which  it  Wis. 

r,  the  depth  tbroagh  which  the  pi}«  it  driwn  by  th»  Icol  Itio*. 
P,  the  greatest  load  it  will  bear  wilboui  »inkiug  firthw. 
S,  the  sectional  area  of  the  pile. 
A  its  length. 
E,  ita  modulns  of  elasticity. 

Then  the  energy  of  tbo  blow  Is  thus  employed;^ 
W  *  =»  ^^  (employed  in  oompreming  the  pile)  +  P  ■  (cmpfer*)  h 
•ad  coDsequeotly, 

Piles  are  nraally  ilriren  nntll  P,  as  compnted  by  this  tettttU,  li . 
and  3,000  lbs.  per  vqiiare  Inch  of  the  area  S ;  and  as  Unlr  vnMac  ^^ 
200  10  1,000  lb».  per  f-riuitn  inch,  the  factor  of  safely  aciiaat  stnttiflf  It  I 
The  factor  of  wt«\y  agu.\\«\.  ^luv^  oroslt^a^  of  the  timbvr  riieaM  not  ba  h 
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imber  punch  is  interposed  between  the  bead  of  the  ram  and  the 
Mle.  The  beat  mode,  however,  of  dm-ing  them,  i»  bj  the  aid  of 
Im  screw,  which  will  be  lucntiotiod  in  the  uoxt  article. 

403.  Ber«w  Pil«>.  the  invention  of  Mr.  Alexander  Mitchell,  are 
ales  which  are  screwed  into  the  stratum  in  which  they  are  to 
(tand.     The  pile  may  be  either  of  timber  or  iron,  and  tiiat  it  may 

admit  of  being  easily  turned  about  its  axis,  should  be  cylindrical,  or 
Ht  all  events  octagonal.  The  screw  blade,  which  is  fixed  on  at  the 
Foot  of  the  pUe,  is  usually  of  Ciust  iix»n,  and  seldom  makes  more 
^n  a  single  turn.  Its  diameter  is  from  twice  to  eight  times  that  of 
Ihe  shaft  of  the  pile,  and  its  pitch  from  one-half  to  one-fourtli  of 
its  diiuncter.  The  beat  mode  of  driving  screw  piles  is  to  apply  the 
er  of  men  or  of  animals,  walking  on  a  temjiorary  ])latfonn} 
tly  to  levers  radiating  from  the  heads  of  the  piles. 
As  an  example  may  be  cited  the  cast  ii-on  piles  ali-cady  raen- 
lioned  in  Article  381,  p.  572,  as  being  used  in  the  pit'i-s  of  niilway 
ridges  in  India.  Each  of  these  was  screwed  into  the  grovuid  by 
eana  of  four  levers,  each  40  feet  long,  and  each  having  eight 
>uIlock.s  yoked  to  it.  According  to  this  example,  the  greatest 
lirorking  load  upon  each  screw  of  i  feet  6  inches  in  diameter. 
Occlusive  of  the  earth  and  water  alwve  it,  is  nearly  as  follows ; — 

Pier  25  tons  +  superstructure  12  +  train  30  =;  67  tons  =  150,080 
Iba.,  being  at  the  rate  of  nearly 

100  llw.  per  square  inch  of  the  horizontal  projection  of  the  screw- 
blade. 

As  these  piles  are  screwed  from  20  to  45  feet  into  the  earth,  the 
•veight  of  earth  above  each  screw- blade  may  be  taken  as  ranging 
from  14  lbs.  to  31  lbs,  per  squai-e  inch}  so  that  the  load  on  each 

rew  blade,  exclusive  of  the  weight  of  earth  above  it,  ranges  from 

times  to  7  times  that  M'cight,  and  including  the  weight  of  earth, 
broin  4  times  to  8  times;  resulfca  which  correspond  with  the  theory 
of  Article  237,  p.  379,  if  the  auglea  of  repose  of  the  earth  be 
Rssnmed  to  range  from  about  28'  to  about  19^.     (See  p.  61.'^.) 

For  the  resistance  of  screw  piles  to  wrenching,  see  ]mge  503.  From 
experiments  by  Mr.  John  Wood,  C.E.,  it  apjjears  that  the  factor 
of  safety,  6,  is  barely  enough  for  cast  iron  screw  piles,  the  greatest 
Bafe  working  stress  being  little  more  than  4,000  lbs.  per  square  inch. 

404.  Sheet  Pile*  ai"o  flat  piles,  wliich,  being  driven  successively 
edge  to  edge,  form  a  vertical  or  nearly  vertical  sheet,  for  the  pur- 

x>se  of  preventing  the  materials  of  a  foundation  from  spreading, 
of  gixarding  them  against  the  undermining  action  of  water. 
They  may  be  made  either  of  timl>er  or  of  iron. 

Timber  sheet  piles  are  planks  having  a  projection  or  feather  alon^ 
ec^  and  a  correaponding  groove  along  tbe  o^\waikXe  «^<^<i. 


notched  or  bolted  a  i)air  of  i>arall(.'l  string -pieces 
horizontal  Ix-ams,  from  -0  to  10  inches  square,  not 
piles  to  such  a  depth  as  leave  a  space  between  the 
to  the  thickness  of  the  sheet-piles.  If  the  shee 
more  than  8  or  10  feet  above  the  ground,  a  seco) 
required  near  the  level  of  the  ground. 

The  sheet-piles  arc  driven  between  the  wales 
depth  of  the  guide-piles,  beginning  with  the  a 
guide-piles,  and  working  towards  the  middle  of  < 
a  pair  of  guide-piles ;  so  that  the  last  or  central 
wedge  to  tighten  the  whole. 

In  iron  sheet-piling  the  guide-piles  may  be  eitl 
form  of  section  like  a  trough-girder  set  on  cn<3 
The  sheet-piles  are  also  like  trough-girders  set  o: 
stiffened  by  vertical  ribs  on  the  inner  sida  The 
formed  as  to  make  over-lapping  joints,  and  thei 
wedge-shaped. 

For  example,  in  the  foimdations  of  Chelsea  Bi 
guide-piles  are  tubular,  flat  on  the  outer  side,  i 
the  inner  side,  12  inches  in  external  diameter, 
and  are  27  feet  long;  the  sheet-piles  are  cast  i 
long,  from  6  to  7  feet  broad,  and  1  inch  thick, 
cal  ribs,  which  are  from  4  to  6  inches  deep,  and  fi 
apart,  and  by  one  horizontal  rib  of  about  the  et 
the  upper  edge. 

405.  Tlml»eraad  IreH-Ciuwd  C^aerete  V«aada 
tions  of  this  class  the  bnildincr  rests  on  a  mass  of 
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from  a  stage  at  least  10  feet  high.  Time  should  be  giveu  for  the 
loncreta  to  become  tlrm  before  a  lieavy  load  is  placed  on  it ;  for  it 
been  shown  by  recent  observations  that  intense  pressoru  retards 
he  setting  of  concrete. 
The  caidDg,  besides  facilitating  the  excavation  of  a  bed  for  the 
icrete,  serves  to  protect  it  afterwards  from  injury  by  such  caiisea 
the  waunng  action  of  a  river  current  When  the  casing  is  of 
ron,  it  is  capable  of  bearing  also  a  share  of  the  lotul. 
Sometimes  a  timber  or  iron-cased  mas»  of  concrete  is  combined 
ith  a  system  of  bearing-piles,  as  described  in  Article  402,  pp.  G02  to 
i04. 

406.  Iran  Tabnlar  F*aadatiMM  consist  of  large  hoUow  vertical 
sast  iron  cylinders,  filled  with  nibble  masonry  or  concrete,  such  as 
kve  already  been  partly  described 
I  Article  381,  pp.  572,  573. 
The  general  constrifction  of  such 
rHnders  and  the  mode  of  sinking 
lem  are  shown  by  the  vertical 
Bction,  fig.  274.  Amongst  the 
xiliary  structures  and  machinery 
ot  shown  in  the  iigurc  are,  a 
Bmporary  timber  stage  from  which 
.e  pieces  of  the  cylinder  can  be 
0>wm-ed,  and  on  which  the  ex- 
>vated  material  can  bo  carried, 
tway ;  and  a  steam  engine  to  work 
pump  for  compressing  iiir. 
The  following  were  the  dimon- 
ions  of  the  engine  and  pump  used 
supply  air  to  a  cylinder  of  the 
Qieias  bridge  formerly  referred  to ; 
diameter  being  9-84  feet,  and 
be  greatest  depth  below  the  sur- 
of  the  water  to  which  the 
sylinder  was  sunk,  66  feet,  corresponding  to  an  absolute  pressure  of 
atmospheres  (or  2  atmospheres,  that  is  to  say,  29  4  Ibti.  on  tlio 
iquare  inch,  above  the  ordinary  atmospheric  pressui'c).  This  is 
lid  to  be  the  greatest  pressure  under  which  the  excavators  con 
'ork  without  danger  to  thcur  health. 

Diameter  of  steam  cylinder  (high  pressure), 8*67  inches. 

,,        of  air-cylindei', 11*82       ., 

Len^h  of  stroke  (Hie  same  in  both  cylinders),...     o'6^(>  K<*i^. 

dumber  of  revolutioDS  per  minutej tiom     \oo\ft  "vici, 

.trom.       \o\o"i-i- 


lig.  274. 
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From  these  data  it  appears  tLat  the  votonie 
measured  at  the  ordinaiy  atmospheric  piuwuie, 
120  cabic  feet  per  minute.     It  appears  that  the  number 
vithio  the  cylinder  at  one  time  was  from  six  to  < 

The  cylinder  consists  of  lengths  of  about  9  fvrt,\ 
flanges  and  bolts.     The  joints  are  cemented 
■with  a  -well-known  oomi)osition,  consisting  of 

Iron  tamings, t,ooo  parts  ^rt 

Sal-ammoniac, i  o 

Flour  of  sulphur, a 

Water  enough  to  dissolve  the  sal-ammoniac 

In  some  examples  each  joint  is  made  ti«»ht  by  l 
shaped  cord  of  vulcanized  iudian  rubber,  lodged  in  a  | 
on  the  fiices  of  the  ilungea. 

The   lowest   length,   A,  of  the  cylinder,   Tin'?  rts 
fthin-pencd,  that  it  may  sink  the  more    rca  ' 
The  intermediate  lengths,  B,  B,  and  the  upp< 
flanges  at  both  edges,  upper  and  lower.     The  portiq 
top,  forms  the  "  belL"     The  lower  edge  of  the  b**!!  h 
flange  by  which  it  is  bolted  to  the  cylinder  below ;  tl 
is  closed,  and  may  be  either  dome-shaped,  or  flat,  i 
against  the  pressure  of  the  air  within  by  trans 
figure.     In  the  example  shown  the  bell  is  made 
boiler  plates. 

E  is  a  siphon,  2  or  3  inches  in  diameter, 
■water  i.s  (lischiirgcd  by  the  iirtssure  of  the  compreesod  i 

F  and  G  are  two  cast  iron  boxes,  called  "  air-lo 
which  men  and  materials  pass  in  and  out.     Each 
top  a  trap  door,  or  lid  opening  downwards  fnim  thai 
at  one  side,  a  door  opening  towards  the  interior  of  ( 
provided  with  stop  cocks  commuui eating  with  thtt] 
with  the  interior  of  the  liell  respectively,  winch 
closed  by  persons  either  witliia  the  beU,  within 
of  both.     These  may  be  called  the  escape  cock  uni 

The  bell  is  provided  with  a  s\ipply  pi(»e  an€ 
dnciDg  compressed  air,  a  safety  valve,  a  pressuro 
cscajie  valvo  for  discharging  the  oompresKxl  air 
requii'ed. 

At  the  lower  flange  of  the  division  0  is  a  timber] 
which  stands  a  windlass. 

Tho  u|ipnrati]8  is  represented  as  working  in  a  sUatsnt  «t* 
n^ud,  ofivfreA  ■'n\\X\  •wttXcT. 
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shaft  with  a  dnim-ciirb.     (Article  391,  p.  592.)     Tlie  first 
tion  is  to  lower  the  lowest  length  A  of  the  cylinder,  till  it 
rests  on  thu  t«rth,  with  as  many  intermediate  lengths  B  as  are  sxif- 
ficient  to  reach  u  foot  or  two  uVtove  the  to))  wattr-levi-l,  and  one 
additional  length  C,  all  Iwlted  together.     Then  the  boll  is  bolted 
on.      The   whole   cylinder   sinks   to   »   depth    depending   on   tho 
mntfriiil  on  which  it  rests.     The  engine  then  foixea  in  air  until 
the  water  is  eipelled  from  the  cjliudei'.     Workmen,  with  tool? 
and  buckets,  can  now  pass  in  and  ont  through  the  boxes  or  air- 
locks.    To  pass  in,  the  opemtiou  is  as  follows : — Shut  the  supjfly-  ' 
cock  of  the  box,  if  not  shut  already ;  o]K*n  the  e8cn[»e-cock — should 
there  be  compressed  air  in  the  box,  it  yfUl  be  discharged;  0])en  the 
trap-door  and  enter  the  lx>x;  shut  the  ti-ap-door  and  fa.steu  it; 
shut  the  escape-cock ;  open  the  supply-cock ;  in  &  few  minuteii  the 
box  will  bo  filled  with  compr<>s.sed  air  at  the  same  pressure  with. 
that  in  the  bell ;  open  the  side  door  and  pass  into  the  belL     To 
*    pftss  oat,  the  operation  is  as  follows : — Sliould  the  escai>e'eock  of 
the  box  bo  open,  shut  it;  should  the  siipply-cock  be  .shut,  oijen  it; 
the  box  will  soon  be  filled  with  compressed  air,  if  not  full  already; 
open  the  side-door,  enter  the  box,   close  the  side-door,  Bhut   t!ie 
Bupply-cock,  open  the  escape-cock ;  when  the  air  hivs  fallen  to  the 
L    external  jiniwure,  open  the  trap-door  and  pass  out.     Some  of  tho 
bgvorkmen  (generally  two)  descend  by  a  ladder  or  a  1)\icket  to  the 
^^Byttom  of  the  cylinder,  dig  away  the  earth  from  its  interior,  and  put 
m^^  into  buckets,  which  are  rai-sed  by  a  set  of  men  working  tho 
internal  windliias,  and  sent  through  the  air-locks,  whence  they 
are  removed  by  an  external  Tv-indlass,  not  shown  in  the  figure. 

So  soon  as  the  excavation  has  been  carried  down  to  the  level  of 
the  lower  edge  of  the  cylinder,  the  miners  carry  their  tools  and  tho 
lower  division  of  the  siphon  E  up  to  the  platform ;  the  whole  of  tho 
^(Torkmen  lejive  the  bell ;  the  gi-eat  supply- valve  is  shut,  and  tho 
great  escajie-valve  oj:)ened,  so  tliat  the  whole  of  the  compresssed  air 
escapes.  The  cylinder  being  deprived  of  the  support  arising  from 
the  pressure  of  the  compre&sed  air  against  the  top  of  the  bell,  Hihka 
to  a  dei)th  usually  varying  from  one  to  two  yards.  AVhen  it  has 
•jivcu  over  sinking,  the  great  escape-valve  is  shut,  and  the  great 
suppdy- valve  oi^cned,  and  the  ojH-ration  goes  on  as  before,  imtil  it 
!>ecome8  neces-stuy  to  put  on  an  additional  length  of  cylinder.  This 
is  done,  while  the  ])ressure  within  and  without  are'equal,  by  unbolt- 
ing and  taking  off  the  bell,  putting  on  a  new  length  of  cylinder  on 
the  top  of  C,  which  now  beoomes  an  intermediate  length,  removing 
tlie  platform  and  winiUass  up  to  tho  new  length,  puttiu^  •oav 
additional  }eDgt.b  into  the  siphon,  and  replacing  a.Ta<i\>c>VxiYVi^crQ.^CQa 
bell 
la  the  case  taken  as  an  example,  each  cy\uviex  -waa  wixis- 
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:  to  tfe  itibcB  nf  ife  BAi 

(^d»  sad  tiK  ikplfc  to  vSdi  ft 
Gkre  iini£t  be  loiea  to  keep  tlv 

bv  Doea&s  of  giays. 

Wben  tlie  smkiiig  of  tbe  ig£aii 
witti  mseooij,  (XT  if^  lii^dbsue  « 
403,  p.  Gi.'6.  About  ane-fcalf  of  1 
eompnissed  air ;  the  remiiiider,  m 
the  bell  being  reoioTed. 

Care  should  be  t&ken  to  pa^ 
belqw,  and  to  bed  it  firmlj  AboTi 
flanges. 

Ill  very  mft  materials  it  is  some 
beanng  jjileg  in  the  interior  of  et 
41)0  concpc-to  and  masoTiTy. 

Tbo  ORtlipst  mode  of  slokmg  h 
inveijtccl  by  Dr-  Potta,  iu  wliicli  the 
tlif»  inkt'idi-  of  the  tube,  which  is 
tlm  iitiiin>ipbt'iti  on  its  closed  top. 
Jiinkitig  tuk'fl  in  soft  materials  th 
tim  ndgij  of  the  tube  canaot  cut  thi 
KitmrM,  iioots,  pkoca  of  timJjer,  A'c* 

•107,  fAMMililllon*  iBBae  br  w«u 
iiliiili^^tiiji  to  imil  tiiluikr  fotmdatio 
Mid  \v-t>t  Ntmliiui  wjtlt  El  firm  strata 
»iiiktuy  ti  MiiJlicti'nt  uumljer  of  c 
•biiftu,  each  ou  a  ilnim-ciirb  (sco  A 
•oil  fitratum,  until  the  firm  stmtui 

•  The  method  of  slnkinp  cyVmden  by  ih 
iibout  184 1  by  IL  THi-er.  It'wM  ftrst  med 
Uy  air.  Hiiiihes  it  tliu  UrlJfie  over  the  M« 
ileiigM  or  Sir  WiJltam  CiibiM.  bj  Messnk  Fo; 

It  w«  at  first  iatmdnd  timt  tho  tut**  abo 
\mt  the  winriVna  ot  my  o\i  \Xm\iM  \iTia^,  imbi 
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then  filled  with  rubble  masonr}',  or  with  brickwork,  so  that  each  of 
them  beL-omes  a  sclid  cyliudrical  pillar. 

4U8.  Ctiim—ti». — A  caisson  is  u  sort  of  flat-bottomed  boat  in 
■which  the  foundation-courses  and  lower  part  of  aome  struc- 
t»xre  which  is  to  st^nd  in  water,  such  as  a  bridge-pier,  arc  built, 
and  floated  to  their  intended  site.  The  bottom  of  the  caisson 
is  a  horizontal  timber  platform,  fitted  to  form  a  permanent  i^art  of 
the  foundation,  as  described  in  Article  300,  p.  601.  The  sidea  aro 
vertical,  and  aro  capable  of  being  detached  from  the  bottom.  A 
■cat  is  prepared  for  the  platform,  by  excavation  alone,  by  laying  a 
bed  of  concrete,  by  driving  a  set  of  piles,  or  otherwise,  as  th,e 
occasion  may  require.  The  caisson  is  moored  over  that  scat,  and 
"when  the  building  within  it  lias  been  carried  to  a  sufficient  height, 
it  is  gi-athially  sunk,  by  slowly  admitting  the  water,  until  the  plat- 
form  rests  on  its  bed.     The  sides  ai-e  then  detached  and  removed. 

The  usual  method  of  connecting  the  sides  with  the  bottom  is  as 
follows : — The  main  supports  of  the  bottom  consib-t'  of  a  number  of 
pAntUel  transverse  beams  whose  ends  project  beyond  the  sides; 
acix>as  the  upper  edges  of  the  sides  are  laid  an  equal  number  of  i 
similar  beams,  into  which  the  tipijermost  walea  or  longitudinal 
pieces  of  the  sides  are  so  notched  as  to  be  kept  by  the  beams  from  I 
t>cing  forced  together  by  the  preesure  of  the  water.  The  projecting 
ends  of  the  upper  set  of  beams  are  connecte<l  with  those  of  the 
lower  set  bj'  long  vertical  iron  bolts,  outside  the  caisson,  having  Oi 
hook  and  eye  joint  a  little  above  the  lower  beams;  nnd  by  un- 
fiusteuing  these  the  sides  are  at  once  detached  fi-om  the  bottom. 
^^  The  lUuiensionB  of  the  timber  used  in  the  bottom  are  usually 
^Hftout  the  same  as  for  a  foundation-platform  (Article  399,  p.  601)  ;| 
BPCbose  of  the  framework  of  the  sides  may  be  computed  according  to 
the  principles  of  the  strength  of  materials,  so  as  to  bear  safely  the 
greatest  pressure  of  the  water. 

In  an  example  described  by  Becker,  used  in  building  a  bridge 
pier,  the  cjiisson  wiig  about  G3  feet  long,  21  feet  broad,  and  15  feet 
deep  over  all,  the  masonry  within  being  about  18  feet  broad.  The 
cnxjs  beauLS  wore  1 0  inches  square,  and  about  2  feet  10  inches  apart 
irotn  centre  to  centre;  the  upright  standaixis  of  the  aides  were  10 
inches  square,  and  5  feet  8  inches  from  centre  to  centre. 

Mr.  John  Mofiiit  uses  caissons  wliich  are  built  of  bricks  and 
cement  in  a  gra\ing-dock,  coated  with  coal  tar,  and  lloated  to  the 
site  of  the  work  of  which  they  are  to  form  part :  tl;cy  are  then 
nunk,  and  filled  with  concrete. 

40D.  Oama  far  Foandaiioaa  are  made  for  the  purpose  of  oxclud'. 

ig   water  from   a  spnco   in   which  a  fouudauou  ot:  w>i\a«i  ««.<3« 

nctnre  is  to  be  aiade.      Tho  muteria\a  •pv\uc"v\)a\\'5  wtAl^ik  \w  "OoS 

timber,  iroD,  uttd  clay  puddle,  as  to  y(\iic\i\aat,  see  Xs^AsiNa 
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p.  344.     HyJitiulic  concrete  also  19  occasionally  used, 
ace  Article  230,  p.  374. 

I.  Clay  Dams. — In  still  water  of  a  de]»th  not  exc< 
feet,  and  on  moderately  tinu  ground,  a  clay  pudiJle 
fiirms  a  sufficient  dam ;  care  being  taken,  before  oomm 
dig  a  trench  for  its  foundation,  so  as  U>  remove  lonse 
material  from  the  surface  of  the  ground. 

II.  Coffer  Dam«. — In  greater  dopths,  the  o«seatiaI 
ordinary  dam  consists  of  two  parallel  rows  of  main  [liles 
piles  (see  Article  404,  p.  6O0),  enclosing  between  thegl 
wall  of  clay  puddle.     The  upjier  wales  of  the  two  rowsi 
tied  together  by  cross  beams,  which  snpjxirt  a  stage  of  j) 
tho  use  of  the  workmen-     The  main  jiilcs  in  one  row  m 
0  feet  apart     The  ground  ia  excavated  between  the  m 
pUcs  until  a  sufficiently  firm  bottom  is  reached,  anil 
i-ammcd  in  layers. 

Tho  common  rule  for  the  thickness  of  a  coffer  dam  Vk 
equal  to  the  height  above  ground,  if  the  height  does  not 
feet;  and  for  greater  heights,  to  add  to  ten  foet  one-til 
excess  of  the  height  above  ten  feet. 

When  the  height  exceeds  twelve  or  fifteen  feet,  or  d 
three,  ai»d  sometimes  four  or  more,  parallel  rows  of  sheei 
driven,  thus  dividing  the  thickness  of  the  dam  into  tw 
more  eqxxal  divisions,  each  of  six  feet  thick,  or  tbeiri 
outermost  division  is  made  of  the  full  height,  and  the  hd 
inner  diviiiious  are  made  less,  so  as  to  form  a  series  of  xM 

It  appears  from  experience  that  a  thickness  of  from 
feet  of  clay  puddle  is  siifficieut  to  make  a  coffer  dam  ^ 
the  additional  thickness  given  by  the  rules  alxtve  CX 
i-equired  for  stability,  and  the  more  so  that  the  timber 
cannot  be  stiflened  inside  liy  diagonal  braces  bctwwD 
girder  piles ;  for  such  braces  would  conduct  streanui  of 
their  sides  tlii-ough  the  puddle. 

Another  mode  of  obtaining  stability  is  to  make  tio 
of  sulficient  thickness  to  exclude  the  water,  and  ti>  gupf 
within  against  the  pressure  of  the  water  by  mean* 
struts,  abutting  at  their  upper  ends  against  the  nuiia 
inner  face  of  the  dam,  and  at  their  lower  end^  in  ( 
aguinat  piles  driven  for  that  pui'pose,  and  in  lianl  grot 
foot-bli  icka. 

Let  b  l)e  the  breadth,  in  feet,  of  the  division  of  the  ditf 
by  one  such  strut. 

X,  the  depth  of  water, 
w,  v\ie  'wt'k^l^t  of  a  cubic  foot  of  vmtcTt 
G2'4  \\)8.  Tot  Ttc^,  Mvdi  "5»\^\y».^)w  «ito.-»^u«. 
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Tlicn,  by  tlie  principles  of  Article  107,  p.  16G,  equation  9,  tlie 
>lal  pressure  of  the  water  againsrt  that  clivisiou  of  the  dam  is 


P  =  «.6z2  -I-  2;, 


.(1.) 


d  the  monicpnt  of  that  pressure,  relatively  to  a  horizontal  axis  at 
level  of  tlie  ground  is 

M  =  w6z»-i.6 (2.) 

■t  h  bo  the  height  above  the  ground  at  -which  the  stmt  abuts 
iii^t  the  duni,  and  t  its  inclination  to  the  horizon ;  the  thrust 
l^jH  tho  tstrut  in 

T  =  M  sec  t  -4-  A; (3.) 

kid  the  scantling  requiretl  to  bear  that  thrust  safely  may  be  com- 
nited  by  the  jirinciplea  of  Article  158,  p.  238,  equations  6,  7,  8. 

When,  a  cofftr  dam  is  to  be  exposed  to  loavea,  add  together  the 
[Tcatost  depth  of  still  water  in  front  of  it,  and  twice  the  givatetit 
leigbt  to  which  tho  creflt  of  a  wave  rises  above  the  level  of  still 
rator,  and  put  the  sum  for  the  greatest  deptli  to  which  the  dam  is 
a  be  adapted  {x  in  tlie  fomiula!).  In  shallow  -water  on  exposed 
»rts  of  the  coast,  this  amounts  very  nearly  to  making  x  equal  to 
louble  the  greattfst  depth  of  still  water. 

In  tiroi  ground  imperinous  to  water,  plauks  laid  horizfintiilly  oa 
edge  between  a  double  row  of  guide  piles  may  bo  substituted  for 
heet  piling.  The  least  thickness  suitable  for  such  planks  is  about 
l\  inches;  and  with  guide  piles  five  feet  apart  thid  is  sufficient  for 
depth  of  alx)ut  six  feet ;  for  greater  depths,  the  thickness  must 
increase  in  proportion  to  the  square  root  of  the  depth. 

For  a  rooky  bottom,  the  following  construction  baa  been  used  by 
llr.  Da^id  Stevenson  (see  Trans.  Inst,  of  Civil  Engineers,  vol.  III.; 
so  Encyc  Brit,,  Article  "Inland  Na^Hgation") : — ^Two  parallel 
lows  of  vertical  iron  rods,  three  feet  ajMut,  were  jumped  into  the 
ktx'k  to  ft  depth  of  fifteen  inches,  to  answer  instead  of  guide  piles; 
luside  these  i-ods,  and  supporte<i  by  them,  were  two  vertical  linings 
of  planks  laid  on  edge  horizontally,  between  which  clay  puddle  was 
rammed ;  outside  the  iron  rods  were  horizontal  timber  wales  five 
feet  apart  vertically,  or  thereabouts ;  these  were  bolted  together  in 
ixiirs,  through  the  dam,  to  which  stability  was  given  by  means  of 
inclined  timber  stmts,  as  ali-eady  described. 

III.  Caisson  Lams. — Another  mode  of  constructing  a  dam  on  a 
rocky  bottom  is  to  use  a  number  of  caissons,  or  flat- bottomed  boats, 
Boitablj  formed^  bo  as  to  enclot9e  the  space  ■w\i\t\v\a\A\ie;  ^^'^%^>cf^ 
Uie  dam;  when  these  have  been  floated  to  l\\ft\T  \>To^t  ^V5ijc«» -Ka-^ 
toored,  tbey  are  to  be  gradually  sunk  Yxnt^  l-bc-j  \ie\g.Ti  ^     ^  "^ 
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llie  bottom ;  two  n.-xa  of  main  piles,  nuininu  ■  '•' ! 

outer  and  inuer  faces  of  the  enclosare  of  i.  t 

lowered  vertically  side  by  side  imtU  their  lower  tuda  r 
oil  the  Ixtttom,  and  bolted  in  that  positiou  to  the  m( 
ctiisaoDSj  the  loading  of  the  caissons,  by  means  of  8tom 
heavy  materials,  and  liy  admitting  water,  is  now  to  t>e  prood 
until  either  the  whole  or  a  considerable  part  of  their  vri 
on  the  main  piles.  A  framewoik  ia  thus  I'ormed,  restii 
bottom  by  means  of  the  main  piles.  A  third  row  of  pilel 
suitably  framod  to  the  inner  row  of  main  piles,  is  now  to 
parallel  to  and  within  them ;  and  between  these  two  row« 
properly  sjK'ukiug,  is  to  be  formed  in  the  manner  already 
with  two  liningg  of  )>lank8  and  a  puddle  wall.  When  t 
removed,  because  of  the  foundation  or  other  work  withi 
finished,  or  because  the  work  is  to  be  interrupted,  the  ct 
to  be  unloaded  and  pumped  dry,  and  floated  away,  M 
a-v-ailable  at  a  future  tune  for  the  resumption  of  the  sami 
the  execution  of  another,  as  the  case  may  be. 

As  to  dams  of  this  class,  see  Mr.  Hodgei^s  Mooant  of  th 
Bridge. 

Caissons,  or  boata,  capable  of  being  floated  and  grotmd 
aa  nV)0ve  described,  are  suitable  where  it  is  ueoe^sarVi  no 
a  water-tight  dam,  but  merely  to  obtain  protection  from 
that  would  otherwise  impede  or  injure  the  "work.     (See 
On  A  mci'ican  Engineering,  Chapter  VIII.) 

IV".  Crib-  Work  Dams  are  used  where  timber  is  abtij 
cheap.  Cril>work  consists  of  a  series  of  layers  of  logs,  laid  9 
lengthwise  and  crosswise,  notched  and  pinned  t«5  each  aihm 
intersections :  the  distance  apart  of  the  logs  in  each  layer  m 
four   times  tijeir  diameter.     A  skeleton   fi-amu  of  any 
dimensions  having  been  formed  in  this  nmnuer,  is  floifl 
intended  site,  and  there  loaded  with  stones  laid  npoo 
sup])orted  by  some  of  the  upper  layers  of  logs,  tmtil  it 
can  then  be  used  in  the  same  manner  and  for  the  mms Jpl 
the  caisson  dams  of  Division  I IL     (On  the  subject  of  aw 
Stevenson  On  Amtrican  Engineering;   Hedges  on 
Jiridge.) 

V,    Wicker-WorHi  Darns  will  be  mentioned  further  0&. 

410,  ExaaTBilHg  aml*r  Watcrv  JVredstaa*  ■■'  BIm 
Cf'sses  have  already  been  described  by  which  oxcatvtiaBff 
uuiler  the  water-level  by  the  aid  of  some  appaimtiu  fo  I 
the  water  irom  the  site  of  the  excavation,  nwh  a»  irm 
lilLi]  Avith  comprr^sed  air  (Article   •»'  re 

(Aiiulo  400,  v- OA'iy     Tlw  yttticut  ar!.j  ;i# 

isucli  0XC9.vaiioT\&  V^  'vx^  at  Ta.w^tvviStT'i^ » '^ vv\MStsa 
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Cases  in  which  the  currents  of  the  water  itself  are  m«de 
ible  for  that  purpose  will  be  considered  in  a  later  clinptcr. 
Protection  qf  t/ie  Excavation. — When  an  excavation  is  made 
r  water  in  order  to  dwpen  a  cliannel,  it  seldom  rtHjuii'es  to  be 
cted ;  but  when  it  is  made  witli  a  view  to  the  construction  of 
ndation,  and  there  are  loose  materials,  either  in  the  ground 
fated,  or  suspended  in  the  water,  it  must  be  guarded  against 
Jits  in  the  water,  which  otherwise  would  sweep  those  materials 
It  and  fill  it  up.  This  may  be  done  by  caissons  (Article  407, 
lion  111.,  p.  613),  cribs  (Ai-ticle  409,  Division  IV.,  p.  Gil),  or 
B  enclosure  of  sheet  piling,  whether  timl>er  or  iron  (Article 
p.  60o)i  and  if  the  excavation  is  for  the  purpo.se  of  making  a 

or  concrete  foundation,  the  sheet  piling  may  afterwar<ls  form 
ermaneut  casing  of  that  foundation.     (Article  405,  p.  606.) 

Dredging  hy  Hand  is  i>erformed  by  means  of  an  implement 
I  »  "  spoon,"  or  "  8[K)on  and  bag."  It  consists  of  a  pole,  at  one 
•f  which  is  fastened  an  iron  ring,  steeled  at  the  forward  edge, 
brming  the  mouth  of  a  bag  of  strong  leather  or  coarse  canvas, 
ring  is  hung  by  a  rope  tackle  capable  of  being  wound  up  by 
a  of  a  crab,  and  the  further  end  of  the  pole  is  held  by  a  man. 
be  roj>e  is  wound  up  the  spoon  is  dragged  forward  along  the 
m,  against  which  the  man  who  holds  the  pole  causes  the  edge 
e  ring  to  press,  scooping  earth  into  the  bag,  until  it  arrives 
\Xj  below  the  crab,  when  it  is  hauled  up  and  emptied  into  a 
or  mud  barge. 

amall  depths  of  water,  such  as  four  or  five  feet,  the  lalxmr  and 
ii  this  operation  are  not  much  greater  than  those  of  excavating 
U"  materials  on  dry  land.  In  greater  depths  the  opeiution 
nea  more  laborious  and  costly,  nearly  in  proportion  to  the 
t;  and  in  depths  of  more  than  ten  feet  it  is  not  applicable. 
mother  kind  of  hand  dredge  has  a  sort  of  sheet  iron  scoop 
id  df  the  ling  and  bag,  and  is  siiitable  for  rough  and  stony 
rials. 

L  The  Dredging  MacJdne  consists  essentially  of  a  pair  of 
lei  chains,  driven  by  puUies  so  as  to  move  up  the  upper  side 
lown  the  under  side  of  an  inclined  ])lane,  and  carrying  iu  soft 
id  a  series  of  buckets,  and  in  stiii'  ground  buckets  and  rakea 
nately;  the  rakes  to  break  up  the  ground  and  the  buckets  to 
^  The  upper  end  of  the  inclined  plane  is  hinged,  so  that  tho 
Hbd  adapts  itself  to  the  level  of  the  bottom.  The  machine 
Ri  a  well  in  the  middle  of  the  after  part  of  a  strong  barge, 
the  stem  of  which  tho  buckets  empty  themselves  into  a  punt 
ud  boat     The  ordinaiy  prime  mover  ia  a  ^teaxa.  cw^gcaa-,  \«A» 

dredging  macbiues  are  also  used,  ■wb.vcVi  ate  •<wot^«!^\v^  \i.'Ko.^ 
tiuig  to  Mr.  Varid  Stevensou,  a  eteaxn  diw^L^'a  <A  wx-XftRS 


i 


4 

4 


CIG 


UATHRIALS  AND   STRUCTtTRZa: 


horse-power  -will,  under  favourable  circumstaoces,  raJw 
tons  of  stuff  per  hour  (that  is,  abont  100  or  11" 
the  cost  ranges  from  an  amount  nearly  equal  lo- 
in similar  material  ou  land  (say  about  i<tL  i»er  cuiiic  ynn 
and  gravel)  to  about  half  that  amount  (or  ninrly  4d.).  X 
the  larger  and  more  powerful  the  machine,  the  less  b1 
dredging. 

IV.  Blasting  Rock  in  shallo'w  water  is  nearly  simL 
Bame  ojK-ration  on  land,  as  to  which  see  Article  207,  p* 
general,  proportionately  more  powder  must  be  nsed  tluu 
for  under  water,  it  is  desinible  to  shiver  the  ix>ck  into  | 
can  be  removed  by  dredging.  In  u  good  example  of  such  il 
described  by  ^Ir.  Edwards  in  the  Proceedingt  of  lh»  In 
Emiincers,  vol.  IV.,  the  weight  of  rock  looseoed  wasabM 
S.CtbO  and  6,000  times  that  of  the  powder  exploded. 

In  deep  water,  the  diving  bell  niiist  be  used  iu  pw 

bliLRtg. 

V.  Rf.moving  Large  Slojies. — Boulders  and  blocV?  of  nt 
are  too  lat^e  to  be  lifted  by  the  dredging  mac 
split  or  blasted  into  smaller  pieces,  or  may  bi- 
aid  (if  diving  apjiaiatus,  by  means  of  a  lewis  (Aitidc  ^i 
to  a  boat,  and  bo  lilbxl  and  caified  away. 

411.   DiviiiB  Appnmia*  (I.)  Jbr  a  shujfe  diver  consists 
of  a  riiet'dlic  helmet,  usually  spherical,  and  made  nf  tNipi*: 
the  diver  .s  head  and  resting  ou  his  shoulders,  Co; 
with  an  air  and  water-tight  dress,  provided  wii  .  ..  . 
tube  and  valve,  opening  inwards,  for  supplying  air  fii"»in  a 
ing  pump   above   water,   an   escape  valve  for   foul 
outwards,  aboxit  the  level  of  the  diver's  che.st,  uuJ  i»i 
openings  (usually  three  in  number),  at  the  level  •>*'  I 
of  the.se  openings   should  be  furnished  with  a 
which  the  diver  can  instantly  close  in  the  event  .m   ,ii>-  >;4 
broken.     The  air  feed-pipe  enters  at  the  back  of  the  b- 
the  air  is  conducted  thence  by  arched  passages  orer 
head  to  points  uear  the  glazed  eye-liolesw     By  this 
entrance  of  water  is  prevented,  in  the  event  of  the 
iug.     To  overcome  the  buoyancy   of  the  apparat^ 
the  divffT  to  sink,  his  waterproof  dreta  is  load. 
Imndi-edweight  of  lead,  pait  in  the  soles  of  the  «] 
to  the  breast  and  back.     Ho  usually  hauls  li- 
ft rope;  but  should  he  M'ish  to  ascend  suddtu 
the  CBcaj)C-valve,  when  the  air  inflates  the  wat 
cau.ses  him  to  float  to  the  surface.     If  necessary,  :  ^\ 

eye  lantern,  air  and  water-tight,  and  supplied  wi 
loanncr  witVi  ttio  \n:Ws.\.\  \}fift  OKasss^rj  Kaa  &  iL 
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»©  ascending  to  the  surface,  with  a  valve  oiwriing  outwanls.  Thia 
p  is  required  more  f«i»cciaUy  in  turbid  water,*  In  America  a 
ng  helmet  has  been  used  made  wholly  of  glass, 
TI.  Tlie  Diving  Bell  commonly  used  is  shajied  like  a  rectjingular 
with  rounded  comej-s,  measuring  al>oirt  six  feet  by  four  feet 
inzontally,  and  five  feet  high,  two  inches  thick  in  the  top  and 
I>er  imrt  of  the  aides,  and  increafciug  to  three  and  a-half  inches  or 
ere.ibout3  at  the  lower  edge,  for  the  sake  of  stability.  It  usually 
ighs  about  live  tons,  and  dis]dace3  three  and  a-half  tons  of  water, 
thereabouts,  when  quite  filled  with  air:  the  difference  is  the 
ad  on  the  crane  and  windla^is  by  which  it  ia  lowered  and  nused. 
lias  a  number,  not  usually  exceeding  twelve,  of  bull's  eyes,  or 
d  holes  in  the  top  to  admit  light;  they  are  eight  or  ten  inchca 
diameter,  and  the  glass  about  two  inches  thick.  The  dexible 
icd-pipc  for  supplying  compi-esaod  air  ia  about  three  inches  iu 
iamctcr.  If  the  quantity  of  air  required  be  calculated  according 
the  data  already  stated  as  to  the  supply  of  foimdation-cylindera 
A.rticle  406,  p.  C08),  or  according  to  the  usual  practice  in  public 
ildings,  it  should  amount  to  about  tM-elve  cubic  feet,  measured 
;mospherio  pressure,  per  man  per  mintUe.  Signids  may  bo 
i  by  persons  in  the  bell  to  those  at  the  pumpa  and  crane  by 
ng  cortls  and  ringing  bells, 
III.  The  Diving  Boat  (of  which  different  kinds  have  been  in- 
rented  by  Dr.  Payeme  and  others)  is  a  diving  bell  on  a  large  scale, 
tonveniently  sha^icd  for  being  moved  about,  and  provided  with  a 
nagazine  of  compressed  air,  contained  in  a  casing  sun-ounding  the 
orking  chamber  or  belt  This  magazine  answers  tlio  puq>ose  of 
iho  air-bladder  of  a  fish,  by  enabling  those  within  the  bell  to  make 
t  sink  and  rise  at  wiUj  for  by  injecting  water  with  a  forcing- 
ninip  into  the  magazine,  the  boat  becomes  heavier,  and  sinks;  and 
ly  opening  an  escape-cock  at  the  bottom  of  the  magazine,  the  water 
i  forced  out  by  the  compressed  air,  and  the  boat  becomes  lighter 
nd  rises. 

412.  Embnalilps  and  Balldbts  nadcr  Water.  (ScO  also  Article 
I0«3,  p,  344.) — Emlwinkments  under  water  may  be  made  by  tipping 
a  the  material  from  a  stage  supjjorted  on  jKists  or  on  screw  pilea, 
NT  from  boats ;  a  moveable  inclined  plane  or  shoot  being  used  to 
lirect  the  material  to  the  spot  where  it  is  to  fall.  Stones  and 
[ravel  are  in  general  the  only  materials  whose  stability  can  bo 
lied  on  when  exposed  to  currents  in  the  water;  and  the  dianioter 
>f  the  smallest  pieces  should  not  be  leas  than  about  one  twenty- 
Muth  part  of  the  velocity  of  the  cuireut  in  feet  per  second.   When 

*8n  descriptioa  of  Ileinke'a  Dh'Ing  Apparatus,   ia  the  CivU  Engiiutr  and 
4rMttcl4'  Journal  for  September,  16C0. 
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the  outside  of  an  embaukment  is  fanned  with  Btooea,  the  J 
be  Qlled  with  smaller  and  8<jt'ter  materials.  In  \rater 
by  waves  an  embankment  of  loose  stooes  will  stand 
i-angiug  from  that  of  1  to  1  ti3  that  of  2  to  1  j  but 
exposed  to  waves,  it  must  be  faced  with  blocks  set  b_r 
the  aid  of  diving  apparatus,  if  necessary,  the  least  " 
Hiiy  block  in  the  &ciug  being  not  leas  tluin  two-thii\i*  ^ti 
height  of  a  wave  from  trough  to  crest.  Further  rtmi 
will  lie  made  in  a  later  chapter 

A  loose  stone  embankment  may  be  {protected  against 
currents  by  means  of  wooden  crib-work. 

llydraulic  concrete  can  be  laid  under  water  simply  li 
into  an  excavation,  or  into  a  space  enclos^^  with  a  tia) 
casing,  the  surface  of  each  layer,  in  deep  water,  being  I 
stnuothed  with  the  aid  of  diving  apparatus.  B«goI| 
whether  consisting  of  stones,  or  of  large  blocks  of  baraoi 
requires  the  aid  of  dinng  apparatus  during  the  wboil 
building.    (Sec  Art.  230,  p.  374;  abo  ix  436.) 

For  the  facing  of  sea-works  exposed  to  the  acting 
in  deep  water,  such  as  breakwaters,  enormoos  blocks  a 
concrete  are  sometimes  used,  measuring  from  IS  to  S7 
in  volume.     For  the  protection  of  these  agsainst  tha 
action  of  sea- water,  a  method  has  lately  been  i  i  >  ■ 

them  all  over,  to  a  thickness  of  about  three  iii>- 
concrete,  conijwsed  of  two  parts  of  asphaltic  mastic  (J 
p.  376)  and  three  of  broken  stone.  (See  a  paper  b{ 
\lf\\o,  in  the  Anncdta  <hi  PoMU  et  Citausgtes,  1801.) 

In  aslUar  masonry  wliich  is  to  1»  exix»sc<l  to  very  n 
fivm  the  waves,  such  as  that  of  lighthouses,  the 
being  fastened  together  by  metal  cramps,  are  sometu 
also  by  dove-taUing,  in  the 
in  plan  by  tig.  275,  whiclt  repr 
of  a  course  of  a  lighthouse.     Th 
l-imctiscd  by   Smeaton   at  the 
lighthouse.     Its  chief  use   is  t 
tendency  wliich  the  stoDM  fb 
wall  have  to  jump  <i«t  iw 
receiving  the  blow    '  Sd 

ferent  courses  ore  -  ■  i  < 

tablinff,  which  consists  in  making  flat  projeutuMu  ott 
the  stones  which  fit  into  correbpouding  rimiiini  ia 
those  above  and  below  them. 


Fig.  275. 


Anvr^vvx  to  ArticU  <03.  p.  COS.— Dwc  Pn.!*  (tbe  tarwcka  •! 
Lave  A  d'ttc  al  ibe  tuo\,  mv&  m«  Vrt»«ni  Viv  driving  (ll4 
means  of  t^  AVtiiam  bt  'noL\.i:t. 


PART  III. 

OF  COMBINED  STRUCTURES. 


CHAPTER  I 

OF  UX£S  OF  LANI>-CARBIAQK 

Section  I. — Of  Lines  of  Land-Carriage  in  General. 

13.  Ci«»n«l  NatBrr  «f  vforluh — The  works  whicb  constittite  a 

of  land-carriage  (exclusive  of  tbo  buildings  and  machinery  by 

'aid  of  •which  the  traffic  is  carried  on)  may  be  divided  into 

XEJTT  WAY  and  formation;  the  permanent  way  being  that 

of  the  structure  which  directly  bears  the  traffic,  and  the  form- 

the  whole  of  the  rest  of  the  works,  whose  object  ia  to  make 

prescn'c  a  suitable  passage  for  the  permanent  way  across  tlie 

intry.     In  a  restricted  sense,  the  yiOTdjfonnation  or/ormiuff  is  ap- 

lifid  to  the  base  or  surface  on  which  the  pennanentway  dii-ectly  rests. 

As  the  methods  of  constructing  the  works  which  constitute  the 

>KMATI0K,  in  the  widest  sense,  hskve  been  described  in  the  pre- 

"  ig  part  of  this  treatise,  it  is  only  necessary  in  the  present  chapter 

enumerate  them  (referring  to  the  places  where  they  are  described 

detail),  and  to  state  the  principles  according  to  which  they  are 

»pted  to  particular  lines  of  conveyance.      They  may  be  thus 

Earthrjoork,  consisting  of  cuttings  and  embankments,  to  make 
iges  through  hills  and  over  valleys  respectively.     (See  Part  II,, 
pt«r  II.,  ji.  315.) 

II.  Fences. — Aa  to  temporary  fences,  see  Article  189,  p.  333. 
I*cnnanent  fences  will  be  ug.ain  referred  to. 

III.  Drains,  which  arc  tixated  of  in  the  same  chapter  in  their 
Illation  to  earthwork.  As  to  the  masonry  of  large  diaius,  see 
Article  297  a,  p.  433. 

IV.  iMaininy  iroZZ*.— (See  Articles  265  to  275,  pp.  401  to  413.) 

V.  Lced  Crossings  of  other  lines  of  communication  will  be  again 
mentioned  further  on. 

VI.  Bridges^  which  may  be  classed  according  to  their  pt 
cr  according  to  their  materials. 
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The  purpose  of  a  bridge  may  be — 

A.  To  cross  over  or  under  some  existing  line  of 
"which  it  ia  either  impracticable  or  inexpedient  to 
Vvel.    In  this  case  there  are  in  general  certitiu  uiinimum 
fixed  by  law  or  by  agreement  tor  the  passage  to  bt»  alld 
existing  line,  which  wUl  be  again  referred  to. 

B.  To  cross  a  valley,  in  which  an  embankment  wt 
pKicticable,  or  too  expensive,  or  otherwise  ineiijedicj 
case  the  bridge  ia  cnllod  a  viatluct. 

C.  To  cross  a  stream,  river,  estuary,  strait,  or  other  pi< 
The  principles  to  be  obsert'ed  in  this  case,  in  order  that 
may  not  be  impededj  nor  the  navigation  ("if  uuy)  ijiiui 
referred  to  in  a  subsequent  chapter. 

The  materials  of  a  bridge  may  be —  ^ 

a.  Masonry  or  brickwork;  as  to  which,  see  Part  IL,  C 
p.  349,  and  in  particular,  Section  VIIL,  p.  413. 

b.  Timber;  as  to  which,  see  Part  II.,  Chapter  IV.,  p. 
particukr,  Article  336,  p.  iQ5,  and  Articlea  341  to  349 

c.  Iron;  as  to  which,  see  Part  II.,  Chnpter  V.,  p.  49< 
As  to  the  ordinary  foundations  of  bridges,  see  Part  I 

III.,  fciection  IV.,  p,  377;  and  as  to  the  more  diificfl 
loundations,  see  Chapter  VI.,  Section  II.,  p.  601. 
VI L  Tunnels;  as  to  which,  see  Part  XL,  Cha(iter  YI 

p.  nss. 

The  PEMiANENT  WAY  of  a  line  of  land-cn  • 
railway,  or  a  tranacay;  the  essential  distn, 
presents  a  firm  surface  of  a  ceiiain  breadth,  w  I 
by  vehicles  over  all  its  parts  and  in  all    du 
confines  vehicles  to  certain  definite  tracks,  by  meana 
which  specially  farmed  wheels  run;  a  tramway  is  ii 
between    these,  and  consists  of  flat  ntila    laid  on  a 
surface  of  a  road,  and  so  formed  that  vehicles  wirli  w 
for  an  ordinary  road  can  run  upon  them  when  i 

414.   Selcctlan  of  Line  nad  Ij«tcU. — The  selcv.. 
of  a  line  of  conveyance  depends  on  statistical  and  cora 
well  as  mechanical  considerations;  but  although  the  ft 
fre<]ucntly  under  the  notice  of  the  engineer,  they  are  iboi 
pi"C)j»er  subject  of  this  treatise. 

In  R  purely  engineering  point  of  riew,  tho  object  U 
at  in  la3'iugoiit  thecourseof  a  line  of  comi^  ••- ■  "••—  "^ 
the  traffic  with  the  least  expenditure  of  :i 
■with  duo  economy  in  the  construction    ^ 
motive  ^ower  is  promoted  by  low  sxi 
(aa  the  talcs  yi  dfc^^VvV^  «ii  Xvoea  «a  vxTi.v^.jruigp 
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?8,  and  a  direct  line ;  but  limitations  to  tlio  li eight  of 
»,  the  steepness  of  gradients,  and  the  sharpness  of  curves, 
Iso  the  power  of  adapting  the  line  to  the  Inequalities  of 
und,  and  «o  economizing  works. 

data  required  by  the  engineer  in  order  to  enable  liim  to 
i  line,  and  the  means  of  obtaining  these  data,  have  been 
n  Part  I.,  Chapter  I.,  Article  11,  p.  9,  and  further  explained 
equent  articles  of  that  jiart;  and  as  regards  borings,  pits, 
K«,  in  Part  IL,  Article  187,  p.  331,  and  Articles  391,  392, 
to  5i)5.  The  general  chai-acter  of  the  inequalities  of  tho 
,  or  "  features  of  the  country,"  and  the  modes  of  represcut- 
m,  have  been  described  in  Part  I.,  Articles  58, 59,  GO,  pp.  93 

ojected  line  of  commonication  may  either  be  limited  to  th« 
ion  of  two  points  in  the  same  valley,  or  it  ni:iy  have  t*>  connect 
n  two  or  more  valleys,  by  crossing  the  ridges  between  them. 
former  case,  there  is  no  summit-level  to  cross ;  in  the  latter, 
lay  be  one  or  more  summit-levels.  In  general,  the  best 
JT  crossing  a  ridge  is  tho  lowest  paea  (see  Article  58,  pp.  94, 
ich  occurs  in  the  district  to  Ije  traversed;  but  ctises  may 

which  a  higher  pass  is  to  be  preferred  to  a  lower,  because 
sing  more  easily  accessible,  or  because  of  its  offering  gi-eatec_ 
8  for  cutting  or  tunnelling.  The  ridge  onght  to  bo  ci 
]j  as  possible  at  right  angles. 
a  a  Ime  of  communication  has  to  cross  a  great  valley,  tho 
ig  principles  are  to  be  obsei-ved  as  far  as  practicable : — To 
i  naiTow  part  of  the  valley;  to  cross  the  deepest  j)art  of  it 
ly  at  right  angles  aa  possible;  to  find,  if  possible,  firm  ] 
foundation  of  a  viaduct,  or  of  a  high  embankment. 
principle  of  crossing  obstacles  as  nearly  as  possible  at  right 
applies  to  bridges  over  rivers,  and  over  or  under  other  lines 
uunication.  The  cost  of  a  skew  bridge  increases  nearly  aa 
axe  of  the  secant  of  the  obliquity. 

ti  a  line  of  communication  runs  along  one  side  of  a  valley, 
itacles  which  it  ha.s  to  cross  are  chiefly  the  siuiiU  branch 
that  run  into  the  main  valley,  and  the  promontories  or  end.s 
th  ridge-Uiies  that  jut  out  into  the  main  A-alley  between  the 

valleys.     In  this  ca.se  the  greatest  economy  of  works  is 

kby  taking  a  serpentine  course,  concave  towards  the  main 
[crossing  the  branch  \'alleys,  and  convex  towards  the  main 
going  ix»und  the  |)romontories,  except  whei-e  narrow  neckrf 
promontories  and  narrow    gorges   in  the   branch  valleys 
lore  direct  course  to  be  taken  with  a  moderate  fuaouxvt  oC 


tg  the  bead  of  a  steep  valley  towotda  BL\i\^  •'S**^* 


UBore  direct 
mdiDg  the 
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may  be  sometimes  necessary  to  take  a  ^nv-atlDe  or 
zag   course   in  order  to   obtain  a  si  easy 

dependently  of  considerations  of  ec-oi :   wr.rk. 

instances  a  projecting  promontory  or  spur  of  a 
made  available  for  the  ascent  of  a  line  of  con%  ^ 
laying  out  the  line  in  a  spiral  course,  each  coil 
lirst  through  the  promontory  by  a  tunnel^  and  t 
outside  of  it 

It  IB  obviously  difficult  to  lay  out  a  line  of  oonireyaii 
once  to  accommodate  the  traffic  which  passes  alcoig  tha 
oi  a  large  and  deep  valley,  and  that  which  paasea  over 
its  head ;  for  in  oixler  to  reach  the  summit  easily,  tk 
quit  the  lower  part  of  the  valley  at  a  cfi  '  ''  tAUC 
jjass,  and  ascend  gradually  along  the  aides  c  l  ,  w  t 

cases  a  biunch  line  may  be  required  for  the  lower  part  ct 

In  the  formation  of  all  lioes  of  conveyance,  it  is  M 
avoid  long  reaches  of  level  line  in  cutting,  as  being  difSet 
{See  Article  VJ2,  p.  335.) 

As  to  crossing  a  great  plain,  see  Article  2' ' 
case  the  level  of  the  Une  of  communication  i.s 
to  be  anfficiently  high  above  the  highest  «, 

A I  a.   The  Balias  CnidleM  of  a  line  of  C<.  u.. 
steepest  rate  of  inclination  which  ]7reTail8  fp ) 
being  exceeded   only  on  exceptional    porti- 
motive  power  can  bo  provided,  or  wliere  ■ 
up  the  ascent  are  lighter  than  on  other  poi  wl.. 
economy  with  which  the  works  caa  be  constni 
on  the  steepness  admiatdble  for  tho  ruling  giadtt:-[>i 

Two  things  are  chiefly   to   be   conaidcrod   in 
gradient:  the  motive  power  available  '  '' 

ance  of  waste  of  power  in  descending. 

Let  W  denote  the  greatest  gross  load  to  be  dragged  nf 
/,  the  proportion  of  the  resistance  to  the  load  on 
i,  the  sine  of  the  angle  of  JDclinntiou  of  Um 

(/+i)W, 

is  the  gi-eatcst  resistance  to  be  >  in  Rnoeoding 

gradient;  and  this  should  not  <  grmtrat  tn 

which  the  prime  mover  is  capabiu  ul  uxtirLu>|f.    Let  P " 
then 

(/-f  ♦")  W  should  not  be  greater  tlmii  Pj  ct^ 
other  worde»    ■ 

p 
i  should  not  bo  greater  than  ^  — /'. 
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jfee  AiMlmcnt  of  this  coadition  Ib  essential.  Another  coDdition, 
bh  it  is  desirable  to  fidfil,  if  possible,  is,  that  no  tnechaaical 
fgy  shall  bo  wasted  through  the  necessity  of  using  biukes,  or  of 
icing  the  pi-ime  mover,  in  onler  to  prevent  excessive  acceleratioQ 
in  descending  the  niling  gradient;  and  to  fulfil  this  con- 

t  should  (if  posidUle),  not  exceed/ (2.) 

-efficient  of  resistance y' differs  very  much  for  different  sorts 
lanent  way.  In  each  case  it  consists  of  two  parts;  one 
3g  from  friction,  and  constant  at  all  speeib,  and  another  arising 
fx  vibration,  and  increjisiug  with  the  velocity ;  ao  that  it  may 
B  different  \'alnes  in  the  fonnulis  1  and  2;  that  in  formula  1 
^esponding  to  the  least  sftced  of  ascent  consistent  with  the  con- 
Senco  of  the  trat&c,  and  that  in  formida  2  corresponding  to  tho 
Ue^  »peed  of  descent  consistent  with  pafety. 
PFhen  the  traffic  is  heavier  in  one  direction  than  in  another,  the 
|ng  gradient  in  the  direction  of  the  ascent  of  the  lighter  traffic 
the  steeper. 

\  |;eneral  consequence  of  these  principles,  it  is  obvious  that 
the  proportion  of  the  resistance  on  a  level  to  the  Ioa«l,  tho 
fcoi"  must  be  tho  ruling  gradient,  and  the  flatter  tho  nding 
dient  is  the  heavier  are  the  works,  and  the  more  difficult  \a  it  to 
out  the  line.  Such,  for  example,  is  the  ca«)  with  railways,  as 
ipored  with  roads.  In  r.iilwajri  additional  expense  and  difficulty 
occasioned  by  the  necessity  of  certain  limitations  as  to  the  sharp- 
ie curves;  but  these  will  be  explained  in  Section  IV. 


rngg^ 
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Section  II. — Of  Roads. 


lBr«ialciac«  «r  Trhlrlca  nad  Bnllng  Gradieai*. — The  vehicles 
able  of  being  usod  on  roads  may  be  distinguished  into  sledge.? 
,  wheel-carriages.     The  only  cases  in  which  sledges  are  suitable 

for  roads  aie  those  in  which  the  surface  is  either  too  soft  or 
to  admit  of  the  use  of  wheel-carriagea  with  safety.  Their 
>  on  KMtds  has  not  been  determined  precisely  by  experiment.* 
Ibb  resistance  of  wheel-carriages  on  roads  consists  of  a  constant 
\t  and  a  part  increasing  with  the  velocity.  According  to  Gene- 
Morin,  its  propoi-tion  to  tho  gross  load  ia  given  approximately 
~     following  formula : — 


f»  I-SOtb  a 


/^{a  +  b{v  —  3-2S)\  ^  ,■; (1.) 

ftff  nt&tMiee  of  an  iroB-shod  iledge  on  hardened  vaam  \a  »l»Vl!lii^s\  '^JsaMfr 
-^l-aotb  oftb9groe§  toad. 


i 


4 


,i«^^^ 
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vhere  r  is  the  radius  of  the  wheels  in  incites,  v  the  velocity 
per  second,  and  o  and  6  two  constants,  whose  values  for  a 
with  springs  are  as  follows  :— 

/forWhedsrfU 

a  b  Badini 

•  =514-67        ra 

For  good  broken  stone  roads,  '4  to  '55  '025  -038  to  -046  "028 

_,                    .  /from      -27       -068         -060  u 

For  pavements, |      ^      .^J       .^^  .^^^ 

For  carriages  without  springs,  the  constant  b  is  about  3j 
greater  than  for  those  with  springs. 

The  following  table  is  founded  chiefly  on  experiments 
John  Macneill : — 

/ 

Stone  pavement, i-68ths:  «! 

Broken  stone  road  on  a  firm  foundation,  i-49th  =  v^ 

Broken  stone  road  on  a  foundation  of )  . ,      _, 

flints, I  i-34tli  =  -o^ 

Gravel  road, i-i5th  =  *o< 

Soft  sandy  and  gravelly  ground, i-7th   s'H 

Telford  estimated  the  average  resistance  of  carri«g« 
level  part  of  a  good  broken  stone  road  at  on»4hirtieth  of  the 
load;  and  according  to  the  principle  expressed  in  Artick 
equation  2,  he  assigned  1  in  30  as  the  ruling  gradient  which  < 
as  far  as  possible,  to  bo  adopted  on  a  turnpike  road. 

If  the  tractive  force  which  a  horse  can  exert  steadily  uxi 
tinuously  at  a  walk  be  estimated  at  120  lbs.,  the  adoptko 
ruling  gradient  of  1  in  30,  the  resistance  on  a  level  being  1 
of  the  load,  insures  that  each  horse  shall  be  able  to  dra* « 
steepest  declivity  of  the  road  a  gross  load  of 

120  X  30  ^  2  =  1,800  lbs. 

A  horse  can  exert,  for  a  short  time,  an  effort  two  or  three 
greater  than  that  which  he  can  keep  up  steadily  during  his 
work;  and  thus  steeper  ascents  for  short  distances  mat  h 
mounted. 

In  the  roads  laid  out  by  Telford,  the  ruling  gradient  of  ooe 
is  adhered  to,  wherever  it  is  practicable  to  do  so ;  and  80O« 
considerable  circuits  are  made  for  that  purpose.  Occtfio 
however,  he  found  it  necessaty  to  introduce  steeper  gndiefi'' 
short  distance,  such  as  1  in  20,  or  1  in  15. 
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frks  of  earth  and  masonry  seldom  occur  on  lines  of  road,  wliicli 
often,  throughout  the  greater  part  of  their  extent,  made  on  the 
.turol  surface  of  the  ground.     In  this  case  the  ojieration  of  foi-m- 
the  road  consists  simply  in  digging,  in  ground  that  is  level 
a  drain  at  each  side  of  the  road,  and  in  ground  that  has  a 
long  slope,  a  drain  at  the  uphill  side;   throwing   the    earth 
the  drains  on  the  track  of  the  intended  roail,  so  as  to  raise  it 
htly  above    the   adjoining   ground,   and   levelling  any  small 
equalities  that  occur  in  it^  course.     According  to   M'Adam,* 
is  all  that  is  required  preparatory  to  laying  the  covering  or 
ital "  of  the  roa<l,  even  in  swampy  grountL     According   to 
authorities,  it  is  advisable,  in  marshy  ground,  to  prejMiro 
foundation  for  the  road  by  means  resembling  those  employe<l  in 
banking  over  soft  ground  (Article  204,  p.  342);  for  eximiple,  by 
"ng  a  trench  2  or  3  feet  deep,  and  filling  it  with  clean  sand  or 
vel,  as  a  base  for  the  road;  or  by  sjireading  a  layer  of  dried 
or  of  fascines,  so  as  to  fonn  «  sort  of  raft  to  iloat  on  the 
When /ascines  aro  used  for  this  purpose,  they  vdW  rapidly 
unless  they  aro  constaiitly  wet     They  consist  of  bimdles  of 
20  feet  long,  or  thereabouts,  and  fix>m  9  to  12  inches  in 
ter,  and  are  laid  in  layers  alternately  lengthwise  and  cross- 
and  fastened  with  pegs,  imtU  a  bed  la  formed  about  1 8  inehea 
leep,  over  which  gravel  is  spread. 

418.  Brcndiii  aud  Croaanicciion. — For  the  Ordinary  bi*eadth  of  the 
iMriageway  of  a  turnpike  or  main  road,  about  30  feet  is  a  suf- 
icient  width,  with  5  or  G  feet  additional  for  a  footway  at  one  side. 
Por  cross-roads  smaller  widths  are  sufficient,  such  as  20  feet  for 
lie  carriageway,  and  5  feet  for  the  footway. 

The  widths  prescribed  by  law  in  Britain  for  those  parts  of  ptiblio 
oads  which  are  interfered  with  by  railways  aro  as  follows : — 

Turnpike  roads, 35  feet 

Public  carriage  road^  (not  turnpike), 25     „ 

For  the  widths  of  roadways  in  populous  towns  and  their  neigh- 

ttrhood  no  general  rule  can  Ije  laid  down. 

In  some  of  those  ciises  in  which  the  traffic  is  greate^st,  the  width 
if  carriageway  is  about  50  feet,  with  a  pair  of  footways,  each  from 
iOtoU  feet  wide. 

The  carriageway  should  have  a  slight  lise  or  convexity  in  the 
middle,  in  order  that  water  may  nm  oft'  it  towards  the  sides;  and 
for  that  purpose  from  4  inches  to  G  inches  ia  sufficient  This 
eonvexity  should  be  given  to  the  /ormcUion,  so  that  the  thickuesa 

•  See  M'Adam  Oh  Jioadt,  ninth  edition,  W11. 
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of  coTering  may  be  onifonn.  Tha  footwaya  ahonld  b( 
with  the  highest  part  or  crown  of  the  eaniagewaj,  ao( 
■light  {dope  towards  the  carriageway. 

For  the  fonn  of  ci-oas-sectlou  of  tho  convexity  of 
-way,  Telford  recommends  a  very  flat  ellipse;   but 

gefers  two  straight  lines,  connected  by  a  short  curve  i 
0  advises,  also,  that  every  part  of  a  road  shoul 
practicable,  have  a  slight  declivity  longitudinallv, 
drainage. 

4Ii^.  DtalanvB  ■■<  Feacltts.— The  side-drains,  which 
betn  mentioned,  are  similar  to  tlioae  of  pieces  of  cart 
which,  see  Ai-ticles  190,  193,  203,  pp.  334,  335,  342. 
2  or  3  (jL'et  is  in  general  sufficient  for  them ;  and  wh 
open  ditches,  they  maj-  be  from  3  to  4  feet  wid*  at 
covered,  they  niiiy  consist  of  earthenware  tubas  ol'6  inch 
or  thereabouts,  on  an  average,  or  built  culverts  of  abiK 
aqnarc.  Roadways  in  towns  are  in  gen^ml  dxain«d 
ground  sewerai 

The  gutters  or  channd^  run  along  each  side  of  the 
and  ai-e  umuUly  about  3  inches  deep.     They  collect 
water  from  the  road,  and  discharge  it  into  the  5id<Mlr« 
transverse  tubes,  which  pass  below  the  fences  and  footi 

Mitre  drains  are  small  underground  tile  drains  or  tuta 
ohliquoly  from  the  centre  line  of  the  lYMdway  at  in 
yards  or  therenboutB,  and  loading,  with  a  dceli^-ity  < 
100,  into  the  side'drcdns. 

In  towns  the  channels  discluugo  ihedr  water  mtl 
through  pusHiges  called  gtdly-luAai,  somertimea  havia 
opcningH  covt-red  by  gratings,  sometimes  vertical  opM 
curb  of  the  footway.  In  order  to  prevent  the  esoapt 
througJi  them,  they  art<  provitlril  witJi  siphon  traps,  or 
opening  inwartln. 

Wljcn  a  road  is  drained  by  an  open  ditch,  the  fcnij 
between  the  ditch  and  tho  road.     The  i 
are  usually  either  heilgea  or  walls,     A<  ■ 
should  iii>t  exceed  5  feet  in  height,  in  order  that  the 
nuiy  have  free  access  to  the  i-oad  to  dry  it, 

420.    Broke*  mtnme  Beads. — Tltc  true  [  ' 
lion  of  roads  covered  with  broken  stone  ^.    .      __ 
Loudon  M'Adam,  and  are  fully  deeotibod  in  lui 
alroady  referred  to. 

Tho  stone,  or  "  road  rrutair  shonld  bo  hacid»  teqgjb^ 
(On  these  points,  see  P&rt  II.,  S-   ♦-'-'    '     —   "^^'^  *• 
W'St  mutcrials  are  granite  (p. 
^.  35fiy     Hat^  cQVcv\|W^  \»sasE^*-%w' vi^.  .»ajj  iuhv  o^^.- 
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el  composed  of  flints  (p.  337);  but  all  flints  should  be  brokeo 
acgulai'  pieces,  sa  if  for  making  concrete. 
7*  bn  stones  are  broken  down  by  means  of  a  hammer  with  a  steeled 
■K»,  into  etooUer  and  smaller  pieces,  until  at  length  they  are  ' 
Blticed  to  pieces  i-ouglily  appi-oximating  to  a  oubioal  ahape,  and 
Bk  exceeding  6  ounces  in  weight;  which,  on  an  average,  is  tho 
■ight  of  a  cube  of  stone  of  I'C  inches  in  the  side.  M'Adani 
HMted  each  road  inspector  to  carry  u  amull  balance,  so  as  to  be 
■0  to  test  the  weight  of  a  few  Ktoues  from  each  heap.  The  8tone- 
Kc&king  jMacliine  of  Messrs.  Blake  breaks  stone  into  cubes  of 
■oat  14  inch  in  the  side,  with  an  expenditure  of  power  nt  the 
Hte  of  from  1  H.P.  to  1^  H.P.  for  each  cubic  yard  broken  per  hour. 
HBiadjes  breaking  all  gravel  into  angular  piecca,  it  should  be 
^Bpecl,  to  clear  it  of  earth. 

^BiB  roftd  metal,  thus  ]irepitred,  is  to  be  evenly  spread  over  tho 
HBr irith  a  shovel  and  rake,  in  three  successive  layers  of  between  3 
■d  4  inches  deep,  each  layer  l>cing  left  to  be  iwrtly  consolidated 
■>  tralUc  before  auother  is  laid,  or,  still  better,  by  the  use  of  a 
Hun  roller,  as  to  which  see  Appendix,  p.  78t> ;  and  thus  is  formed 
Brm,  compact  bed  of  angular  fi-agmeuts  of  stone  about  10  iuches 
■clc,  which  is  iDi])en'iou8  to  water,  or  nearly  so,  and  which  sooa 
Btinires  a  smooth  surface. 

^ftpoording  to  M'Adum,  10  iuches  ia  the  greatest  tlucknesa  of 
BHI  re<}uired  for  any  road,  from  5  to  9  iuches  beiug  often 
Bficient;  and  his  practice  was  to  lay  the  metal  simply  on  the 
ptaral  grvund,  with  no  preparation  except  levelling  inequalities 
fad  digging  drains,  as  dcsci-ibcd  in  Article  417,  p.  62u. 
L/Locording  to  the  practice  of  Telford,  before  laying  down  the 
■Mai,  a  fiiundation  or  "  bottoming"  is  laid,  cousisting  of  pieces  of 
KniLle,  but  not  necessarily  hard  stone,  measuring  fi-om  4  to  7 
Kh<!B  in  each  dimcuKion.  The  largest  of  those  piuces  arc  set  by 
^fa^  with  their  largest  sides  resting  on  the  foimatiun,  and  between 
^^H  the  smaller  pieces  are  packed,  so  as  to  form  a  couijHu^t  layer 
BoSt  7  inches  deep  in  the  centre  of  the  roud,  and  4  iuches  deep  at 
UfB  sides,  part  of  the  convexity  being  made  in  this  manner.  Above 
Mfl  bottoming  the  metal  is  spread  as  already  debciibed. 
■^  A  broken  stone  road  is  repaired  by  thoroughly  moistening  it  with 
■At«r,  then  slightly  loosening  the  upper  surface  with  a  pick,  and 
■roftding  unii'ormly  over  it  a  layer  of  metal,  which  stlioidd  be  cace- 
Klly  rolled.  Unless  the  surface  is  first  looseued,  the  uew  metal 
ifill  not  bind  or  consolidate  with  the  old  The  practice  of  repair- 
ing roads  by  jjatches,  called  "  darning,"  is  bad. 

In  order  to  miike  the  traffic  on  a  broken  atone  tobA  ouaex  '<«'\\%xi 
itisdnt  laid,  a  layer  of  saud  and  gravel,  called  "  llindiny"  \ft  wivoJ 
'"         "~  ad  over  it;  but  this  practice  La  a  \)ad  otie»fc\  ^^a.V^ 
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and  gravel  work  tlieir  way  between  th©'  fVAgnwnts 
prevent  their  ever  forming  so  compact  a  mass  fts  thcyi 

When  mud  forms  on  the  Burlaee  of  a  road,  tt  b  to  bfl 
scraping;  tut  if  the  road  is  -well  made  of  good  maiet 
that  work  is  required. 

Wheels  of  suijill  tlianieter  are  the  most  •'  'v^  t4 

According  to  Telford,  the  load  on  a  br*  i 
not  to  exceed  one  ton  on  each  wheel :  the  tiru  «.>; 
of  one  ton,  being  four  inches  broad.  The  I; 
agrees  with  general  practice  j  but  the  brcrultii 
load  of  one  ton  per  wheel  appears  to  bo  umj.  n-  •■ 
without  spirings;  for  those  properly  provided  with 
breadth  of  from  2  to  2|  inches  is  sufficient  umler 
ordinary  occun-euce,  providetl  thi'y  are  to  run  on  firm 
roadways  only.  On  soft  and  loose  roadways  an  mlditioi 
of  wheel  prevents  the  resistance  from  being  so  great  a 
with  narrow  wheels.  Tlie  consolidation  of  a  broken 
may  be  hastened  by  rolling  it  with  a  cast  iron  rc>lleT  we 
1  to  3  tons  if  drawn  by  horses,  or  by  steam  rolleri    (3( 

421.  BloBC  Parrmrnia. — The  /ounJcU ion  of  a  stono  p»< 
consist  either  of  a  layer  of  hydraulic  concrete,  or  of  riihl 
set  in  hydraulic  mortar,  from  G  to  9  inches  deep ; 

Or  uf  three  successive  layers  of  broken  stone  ro»d 
about  4  inches  deep,  consolidated  by  allowing  the  h 
upon  them  for  a  time,  or,  still  better,  by  rolling ; 

Or  of  three  well-rammed  layers  of  gravel,  each  4  i 
with  a  layer  of  sand  about  1  inch  deej»  on  the  toji. 

The  best  materials  for  stone  pavenionts  are  syenite 
the  boldest  that  can  be  found ;  and  the  next,  trap  or  * 
Stones  of  a  laminated  structure  ai-e  to  be  avoided  if  pi 
should  it  bo  absolutely  necessary  to  use  thetn,  they 
with  their  bed.-!  or  laniinsE!  on  edge. 

Paviug-stoues  shoiUd  be  roughly  sqi  nrt 

that  they  do  not  taper  downwards,      >  -  »'t 

courses,  running  across  the  roadway,  and  brwi  t 
other.     In  onler  that  the  stones  may  not  tend 
their  depth  in  a  vertical  direction  should  be  somewbtik 
double  their  horizontal  breadth:  for  the  same  reaaoo, 
should  bo  equal  to  the  depth,  or  not  much  greater.  IV 
usually  adopted  are — 

Breadth  (in  a  direction  along  the  roadway)  ' ' 

D<"!pth  (in  a  vertical  direction), 

r«a<\wa^V Y^^  *  *"  " 
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Paving-stones  are  sonretimfs  made  to  taper  slightly  tovoarda  tAa 

so  that  their  joints  ai*o  close  bclciw,  and  open  to  the  extent  of 
I  inch  or  thereabouts  above,  the  wedgo-fornied  sjxicfs  thus  hfft 
Hug  filled  with  gravel,  or  chips  of  stone,  imbedded  in  bitumiuoua 
nent.  (Article  234,  p.  37G.)  This  gives  a  more*  secure  footing 
!  horses  than  a  close-jointed  pavement. 

Small  pieces  of  granite,  nearly  cubical,  and  measnring  about  4 
jhes  each  way,  have  been  used  at  Euston  Squiire  Station.     They 
fc  on  a  layer  of  sand  1  inch  tlecji,  and  three  layers  of  gravel  mixed 
li  chalk,  each  4  inches  deep,  and  are  set  as  close  as  possible. 
E^iving-stonea  are  rammed  into   their  ]>lacea  with    a  wooden 

,mer  or  beetle,  weighing  about  55  lbs.     A  small  steam-hammer 

been  sometimes  used  for  this  purpose. 

'hey  may  be  covered,  when  first  laid,  with  a  blinding  of  sand  and 
gravel,  about  an  inch  or  an  inch  and  a-half  deep,  to  till  the 

ta  by  degrees. 

'heir  joints  may  be  made  water-tight  by  being  laid  in  cement  or 

ranlic  mortar;  or  in  irou-turnings,  which  mst,  and  make  a  sorb 
ment  with  the  sand  and  gravel  of  the  blinding  that  works  its 
into  the  joint ;  or  in  a  bituminous  cement,  or  by  being  grouted 
•"h  hydraulic  lime  in  a  semi-liuid  state  after  being  laid. 
KubUe  or  Boulder  Pavemerd  consists  of  stones  of  iiTegnlar  shapes 

in  a  bed  of  sand  or  gravel.     It  causes  great  resistance   to 
_  icles,  is  liable  to  in-egular  sinking,  and  requires  frequent  ref»air, 
Fhe  chief  disadvantage  attending  the  use  of  well-made  stone 

ement  in  towns  is  its  liability  to  be  disturbed  for  the  pur|X>se  of 
gas   and   water-pipea  and  small  sewers.      One  mctliod  of 
ing  this  is  to  pi-ovide  "  side-treticfies  "  to  contain  those  under- 
works, being  narrow  excavations  Lined  at  the  sides  ■with 
valk,  and  situated  under  the  outer  edge  of  the  foot-pavement, 

the  flags  of  which  they  are  covered.  The  wall  of  the  side- 
inch  next  the  roadway  i.s  strengthened  against  the  pressure  of  the 
rth  by  means  of  transverse  walls,  with  openings  iu  them  for  the 
mge  of  sewers  and  pipes  j  and  between  those  tranavei-se  walla 

loiigittulinal  wall  is  slightly  arched  horizontally,  like  the  retjiin- 
;  wall  in  fig.  176,  p.  412.     The  other  longitudinal  wall  of  the 

trench  forms  the  back  of  a  row  of  cellara  under  the  foot- 
rement.     The  si«le  walls  of  the  cellars  are  iu  a  line  with  the 

svei"8e  walls  of  the  side-trench,  and  act  as  buttresses  to  give  it 
»ility.  In  an  example  given  iu  Mr.  Newlauds's  Report*  for 
S,  the  side-trench  is  13  feet  deep  from  surface  of  footway  to 
ndation,  2^  feet  wide  inside,  and  has  cross  walls  at  every  7  feet; 

brickwork  ia  one  brick,  or  9  inches  thick.    It,  couUvGt&  wo.  ostii. 

'  See  Xeportt  o/(it  Borough  Engineer  o/Uvtrpool  QAu  3  amt»  "St'^Vwi^ 
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■ewcv-pipe  of  27  X  18  inches,  a  10  i- 
gas-pipe.     Sewers  which  ore  largo  en 
miiy  be  repaired  hy  getting  acc«««  to  thmi  t 
pas.sagcs  leading  iuto  them  from  trap-dnors  in  i  ■ 

Another  method  of  obviating  the  necwssitr  tor 
meut  of  the  carriaijeway  is  to  haven  "*»/&-«•''»'/'   m 
the  street,   containing   the  sewer  and   the   l 
This  method  has  hitherto  been  tried  for  »lt-itt 

422.  VootwDTB  «r  Boofia. — In  country  r 
the  footways  is  the  same  with  that  of  u  l>i 
that  smaller  and  less  hard  raatcvials  are  i 

4  inches  is  a  anfticient  thickness.     The  * ,..,   ...  a 

declivity  of  about  2  inches  towards  the  rhannei,  its  ll 
beiu);  not  more  than  9  inches  above  the  bottom  of  the  ol 
it«  side  towai'da  the  channel  being  formed  either  by  a  «l( 
1  to  1  to  1^  to  1,  or  by  a  curb-atone  set  on  edgo  '  '1 
thick.     To  consoUJate  footwaySj  a  oast  iron  :  J 

weighing  from  ^  to  ^  a  ton. 

In  streets  the  footways  have  a  foundation  of  cooed 
Btone,  gravel,  or  sand,  and  are  covered  with  Hagstonei^ 
li  to  4  inches  thick,  Iwing  thinnest  for  the  strongM 
The  best  tnatcriala  are  thostj  which  arc  hardest,  tongh*^ 
pervious  to  water,  such  as  hornblende  slate,  the  hinh 
clay  elate,  gneiss,  strong  sandstone  and  com]vvct  lim< 

422  A.   CoBcrcie   PaTeoMaiii  were   introduced    bf 
Mitchell.     They  consist  of  broken  stone  roud  metali 
with  hydraulic  moi-tar. 

423.  BUnmijiofis  or  Anphnltic  PareiBcma  COQsist  of  i 
of  what  has  J>een  described  in  Article  234,  p.  37C,  »* 
Concrete,"  laid  on  a  foundation  of  broken  Ht«->nc.    Thef) 
the  roadway  has  a  convexity  of  1-lOOth  of  the  ln.-i-lil 

The  foundation  consists  of  road  metal,  ne  ' 
420,  p.  (J2'j,  laid  in  a  layer  of  4  indies  th^'^ 
and  2  inches  deep  for  the  footway,  and  c<i; 
of  55  or  5C  lbs.  weight,  or  with  a  Cfl-'^'    ■ 

The  covering,  which  is  alx)ut  1  .^  in  :i 

J  inch  thick  for  a  footway,  con.sists  ut  ;i  i  ' 

gravel  and  "bituminous  moi-t-nr."     The  ]  '  ■     '  '    ' 
dients  have  been  given  in  Article  234,  \k  37 U.      i    ■ 
they  are  to  be  combined  is  the  following: — J!i  i 
bitumen,  add  the  a.sjihalt  lm)ken  small,  tiien  t}i.   i- 
«and,  and  lastly  the  braken  stou&     To  test     ii' 
pjwi  iinm  of  it  is  cooled  in  water  to  the  t(sm{v' 
a  [i\(Mi'  <A' \l\^^^VL,  \\^Nvw^twQ  four-aidod  pjramii 
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.dard  sample,  and  the  other  on  the  new  sample;  a  man  standii 
the  middle  of  the  plank,  when  the  impressions  on  the  standard 
pie  and  new  sample  shoxdd  be  of  eqnal  depth.      That  depth 
be  about  3-lUths  of  an  inch  for  carriagewAys  and  2-lOths 
itways,  the  latter  requiring  the  stronger  material.     Should  it 
e  too  hard,  bitumen  and  resin  oil  are  to  be  added;  should  it 
ive  too  soft,  asphalt  and  sand.     The  covering  is  laid  on  the  road- 
ij  in  the  hot  state,  in  rectangular  sections;  its  surface  is  sprinkled 
ith  sand,  and  the  surplus  sand  swept  off,  and  it  is  then  left 
cooL     No  artificial  asphalt  is  equal  to  natural  asphalt  for  making 
roads. 

To  make  bituminous  roadways  cold,  asphalt  is  to  be  broken  as 
fSor  road  metal,  spread  about  2  inches  deep,  wet  all  over  with  coal- 
and  rauiraed  with  a  5G  lb.  beetle. 
To  repair  the  surface  of  a  bituminous  roadway,  dissolve  one  part 
bitumen  in  three  of  pitch  oil  or  re&in  oil ;  spread  10  ounces  of 
ihe  mixed  oil  over  each  square  yard  of  roadway,  and  sprinkle  on  it 
~  lbs.  of  asphalt  in  powder;  then  sprinkle  the  aiu-face  with  sand, 
•nd  sweep  away  the  loose  sand. 

Good  bituminous  pavements  under  constant  traffic  shoidd  wear 
At  the  rate  of  about  1-iOth  of  an  inch  a-year. 

424.  Plank  BmuI*  are  useful  in  newly  settled  countries  in  which, 
timber  is  abundant. 

•125.  WiH>4«a  Pnremeai*  have  come  into  extensive  use  in  the 
last  five  years.     The  principal  advantages  they  offer  over  stone  and 
Id'Adam  arc  the  diminution  in  tractive  force  necessary,  their  noise- 
and  their  giving  a  better  foothold  to  horses.     The  disad- 
tagcs,  on  the  other  hand,  are  principally  of  a  sanitary  nature  ; 
they  absorb  and  retain  noxious  matter,  the  pressuie  of  water 
ired  for  cleansing  them  is  much  higher  than  for  other  forms  of 
The  life  of  wood  pavements  is  from  nine  to  ten  years,  as 
ly  as  may  be  judged  from  experience  so  far.    There  are  several 
forms  of  wood  pavement  now  in  nse,  which  differ  in  various  piuii- 
cnlars.     Almost  all  agree  in  forming  a  concrete  foundation  of  some 
kind  or  other,  and  making  the  superstructure  watertight :  if  this 
can  be  satisfactorily  attained,  nothing  more  can  be  de«ired,  but  it 
ia  doubtful  whether  it  is,  and  if  water  get  between  the  joints  of  the 
blocks  it  naturally  causes  the  wood  to  swell,  and  has  in  certain 
cases  been  known  to  tear  up  the  kerb-stones.     A  method  which 
been  employed  extensively  in  America,  is  to  lay  the  wood  upon 
foundation  of  sand,  and  to  fix  the  blocks  with  wedges  partly 
ven  into  the  sand,  the  portion  above  the  wedges  being  filled  with 
concrete  or  cement.     Thin  method  conaolirlatcs  the  eand  whilst 
allowing  of  Dstiiml  filtnition.    The  method  KvCi?,V.  Vn.  •«*&  vci  vVvvs 
countty  consists  in  forming  a  bed  of  coticrete,  AitecVX'j  w\\csvk.  ^\\\^ 
some  cases,  the  wood  blocks  are  laid,  V\t\k.  6L\«ea  NCtNivcs^ 
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eizea  of  4"  x  3"  >:  5",  the  largest  ditnenaioTi  being  aero 
and  the  next  largest  downwards,  the  spaces  being 
ftsphttlte.  In  a  second  method,  tarred  felt  is  pluoe 
concrete  and  between  the  blocks.  Whilst,  in  s  tiling 
are  saturated  with  a  liquid  osphaltic  mastic,  the  hlockd  I 
with  the  same  material.  The  method  which  has  rec 
favour,  consists  in  laying  1  inch  sand  over  the  concn 
boarding  pai-allel  to  the  street  over  this,  the  blocks  1 
thereon,  and  the  spaces  of  about  i  inch  i-un  in  vntli  a«| 
gi-outing.  In  every  case  the  surface  is  spread  over  ir 
grit. 

Section  III. — 0/  Tramuxtf/t, 

426.  8i*ne  Trmnwnr*  conslst  of  a  pair  of  partllol 
oblonj;  blocks  of  granite,  about  4.^  feet  apirt  from  opntre 
with  their  upper  surfaces  forming  part  of  the  8urfa« 
each  block  being  from  2  to  4  leet  long,  about  10  or 
broad,  and  of  the  same  depth  with  the  rest  of  tl»e  covet 
roadway. 

427.  Iron  TmmwiiTa  are  in  fact   i-ailways,  with  H 
formed  that  their  upper  surfaces  form  pait  of  the  surfad 
or  Ktix'ct.     According  to  the  ordinary  construction,  tlu 
flat  bars  of  wrought  iron  or  steel,  in  lengths  of  24  or 
inches  broad,  and  weighing  from  30  to  60  lbs.  to  tlie  van 
tii>]>er  surface  of  the  niil  is  a  longitudinal  groove,  1  \  i 
and  I  inch  deep,  or  thereabouts,  to  receive  the  fl.ang<s 
•wheels.     The  fMirt  of  the  top  surface  outside  the  groove 
inch  broad,  and  is  the  rolling  surface.    The  jtart  insidi"  tl 
corrugated  with  shallow  transverse  grooves,  in  4 
riage  wheels  to  be  easily  pulled  obliquely  across  • 
From  the  under  surface  of  the  rail  there  pi 
longitudinal  rib,  about  1^  inch  broad  and  j  ii.. 
into  a  groove  in  a  longitudinal  timber  sleeper,  4  inches 
C  or  7  inches  deej),  to  which  the  rail  is  bolted  at  inter** 
a  yard,  with  ^-iiich  bolts,  having  their  heads  counler-i 
bottom  of  the  gi-oove.     The  ballast  is  concrete,  made  ^ 
Btone  or  slag,  and  either  asphalte  or  hydmulic  naortar, 
inches  deep.     Sometimes  the  longitudinal  sleepers  rM* 
the  ballast,  when  the  gauge  must  be  preserved  by 
*■''  .     Sometimes  they  rest  on  cross  sleejiers  (see  pt 

'  s  Ijetween  and  alongside  the  rails  and  Hlccpers 
t'l  ifiitc  pavement,  or  other  suitable  covering. 

According  to  an  invention  of  Mr.  Laurence  inil,  C 
t'f  th,.  two  niils  of  tho  track  lias  a  groove,  ;' 
•cr  Bui'fiuic,  ou  '^\v\i;\i  Nf\vQ«.U  run  on  thi 
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Sectioji  IV. — Of  Hailimf/s. 

428.  RcalMance  of  Vrbicica  •n  m  i.eTcl. — Let  /  be  the  proportion 
of  the  resistance  on  a  level  to  the  gross  load,  expressed  aa  a  frac- 
tion ;  tht-n  resistance  in  lbs.  per  ton  =  2,240/. (1.) 

It  is  true  that  the  part  of  the  resistance  which  is  due  to  the  dia- 
|)iUkc«mcnt  and  friction  of  the  air  must  depend,  not  on  the  load,  but 
pa  the  dimensions  and  figures  of  the  vehicles;  but  our  experimental 
Itnovrledge  of  the  laws  of  the  resistance  of  the  air  to  bodies  so  large 
lis  railway  carriages  is  scarcely  sufficient  to  enable  us  to  calculuto 
that  resistance  separately  with  such  precision  as  to  make  the  result 
Df  the  computation  practically  useful.* 

The  co-efficient  of  ri?.sistance  on  a  level,  /,  consists  of  two  parts ; 
Dne  representing  the  effect  of  friction,  whicli  is  independent  of  the 
^leed ;  the  other  representing  the  eflfect  of  concussion  and  of  the  resisfc- 
uice  of  the  air,  which  increases  with  the  speed.  The  law  according 
to  which  the  latter  part  of  the  co-efficient  of  resistance  increases  is 
ktill  uncertain,   owing  to  the  irregularities  of  the  results  of  ex- 

Erinieut.  According  to  one  fonnula  (founded  on  cxjieriuients  by 
r.  Gooch),  it  is  insensible  up  to  a  speed  of  about  10  miles  an  hoiu-, 
Mid  then  increases  nesu-ly  in  the  simple  ratio  of  the  excess  of  ths 
n>eed  above  that  limit.  According  to  another  formula  (that  of  Mr. 
ID.  K.  Clark),  it  is  nexirly  proportional  to  the  square  of  the  speed; 
JAnd  both  those  formulic  agree,  in  a  rough  way,  with  experiment. 

The  following  are  the  formulae  in  questioDj  in  each  of  whicli  V 
denotes  the  velocity  in  miles  an  hour : — 

(V ION 
H ^^j — J;  (2.) 

(V 10\ 
IH — 20 — )''^^^^ 

Co-efficient  of  resi8tancc,/=  -00208  (l  +  f44o)^-"(^-) 

'  The  following  are  tiro  alternative  formala*  by  the  late  Mr.  Wrndbam  Harding 
Mr.  Scott  Ruaoll,  in  which  separate  expressions  arc  given  Tor  the  resistance  of  tba 
In  the  first  formula  that  resistance  is  ansumed  to  be  proportionml  to  the  ana  of 
itage  of  Ibe  train ;  iu  the  second,  to  its  volume. 

T  denote*  the  weight  of  the  train,  in  toni. 
V,  its  velocity,  in  miles  an  hour. 


A,  ita  area  of  frontage,  in  square  feet. 

B,  its  volume,  in  cubic  feet;  then 


miatance  ia  lbs.  =  (  6 -(- J)  T -J- 11^ 


=  («  +  S)t  + 


400  ' 
60,000' 
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Bemstance  in  lbs.  per  ton,  2,340  f^s.  6  +  -^^ 

CAxriageu  bave  been  made  and  used  in  wliidt  die  i 
resistttnce  was   as   small   as    -OOS,  or  about    4^  1^A. 
velocities  not  exceeding   12  miles  an  hour,  the   reacsi 
Beiisil)ly  constant  at  such  velocities.* 

The  fonnulse  2,  2  A,  3,  3  a,  are  applicable  to  good  nul 
with  springs,  in  trains  drawn  by  an  engine  at  an  uniform 
well-made  line,  in  good  repaii",  with  easy  cur\-es,  and  in 
calm  weather;  the  ejcperimcnts  on  wluch  they  are  foam 
been  made  vinder  those  circumstances,  and  the  resLntance  4 
by  means  of  a  dynamometer  between  the  engine  and  thfr 

Another  mode  of  determining  the  resistance  of  a  or 
railway  is  to  start  it  off  at  a  considerable  speetL,  and 
come  gradually  to  rest  by  its  own  resistance ;  but  in  this  a 
p«;rimcnting,  although  the  friction  is  the  same  as  in  the  o< 
the  resistance  arising  from  concussion  is  considerably  Ic 
much  of  the  vibration  originates  with  the  engine,  t 

The  absence  of  springs  augments  that  part  of  the 
which  increases  -vvitli  the  velocity ;  but  wagons  without  (| 
nsed  only  at  very  low  speeds. 

The  fullowing  are  some  examples  of  resistances  per  1 
forent  speeds,  calciUated  by  the  two  formuls  respectively 

.Speed  In  tniles  an  hour,  V=       lO         15  30  30  40         < 

/by  cqnatioii  2 TXnGS  ■00335  ^00402  "00536  -Vlffja  rH 

2,24()/bv  ciiuttlion  2  A,....        6         7^  9  13  15         I 

y'hy  ftitution  3, 90287  lOojfO  'OO342  "OO435  XX>56S  til 

2,240y'by  equation  8  A,....      6-4       6-9         77        97        xi-j      I 

Mr.  D.  K.  Clark  considers  that  hia  expcrimonta  mdl 
the  resistance  on  a  level,  given  by  equations  S,  3  A,  is  fil 

.  *  See  Rankine  On  CfUtidrieal  Whatb  <m  SaHuc^i  also  Wood  0» 

^  t  To  ucertain  the  mistaooe  of  a  vahkia  hf  «spiitaMoti  00  lis 

[1  i  atones  or  other  marka  are  to  be  droppad  fton  tin  oaniago  at  aqaal 

j  {  (ny  of  ( aaoonde  each),  and  the  dlatHMoa  lwt«wa  thoee  tacwlw  ■■ 

Let  x^,  Xf,  r^,x^,  &&,  ba  tbnae  rtUtaiwyw  ia  tet:  h  tliarioacf 
Then  die  velocities  at  liie  end  of 

(,  3  A  3  1;  &x^  aeoonda,  an  maify. 


*I+*t    , 'i  +  ^S   ,,  — g3  +  *« 


3  I 


,r, 


2( 


i"*: 


2t 


S&e.,  i«lh«}WM 


Let  r.  and  r.  +  i  denote  the  ralodtlcs  at  the  end  of  «  f  aad  (^  4- 
C'i'^liFrtivuiy.    Then  Ui«  oo-«ffiei«at  of  nriacuca  at  dM  ead  of  •  I  aeeoMI 


r  exceeded  in  tho  following  proportiorw,  from  rarious  oocasiooul 
Omscs: — 

From  a  road  ill  laid,  or  in  bad  repair, 40  per  cent> 

From  i-esistance  on  curves, ao         „ 

^ft        From  strong  Bide  winds, 20         „ 

H  Total, 80 

^m  It  may  be  held,  however,  that  all  those  catuas  of  increased  resist- 
ance are  seldom  combined  at  one  time  and  place;  and  that  50  per 
cent,  is  a  liberal  allowance  for  tontingent  resistcmcea. 

The  friction  of  good  ordinaiy  mineral  wagons,  at  low  speeds, 

^Bay  be  estimated  as  ranging  from 

^V  8  lb*  per  ton,  or  "00353 

to  10  lbs,  per  ton,  or  -00446 

and  BB  being  on  an  average  about 

9  lbs.  per  ton,  or  '00402,  or  i-2Soth  nearly. 

429.  ProponioB  of  Gma  to  ivei  liooii. — In  the  following  state- 
ment the  ordinary  proportions  of  the  weight  of  goods  and  mineral 
wagons  to  the  loads  which  they  cany  are  given  on  the  authority  of 
Mr.  D.  E.  Clai'k;  and  from  those*  proportions  are  deduced  the 
proportions  of  gross  to  net  load  in  goods  and  mineral  trains : — 

^m  Wagon         Gnm  Load 

^fe  -^NetLMtd.    -i-KfltLo«d. 

^^      "Well  made  open  wagons, i  li 

Well  made  covered  wagons, |  if 

^B        Clumsy  wagons, i  2 

1^  In  computing  the  gross  load  to  be  drawn  behind  a  locomotive 
«*ngino  which  has  a  tender,  the  weight  of  the  tender  (from  10  to  15 
tons)  is  to  be  added  to  that  of  the  wagons  and  their  load. 

I'assengers  without  luggage  may  be  estimated  at  about  15  or  16 
to  the  ton,  and  with  luggage,  about  10  to  the  ton  (bat  ttus  last  is 
an  uncertain  estimate).  In  a  passenger  train  the  gross  load  may 
be  roughly  estimated  at  about  three  times  the  net  load,  witk 
carriages  suited  for  locomotive  railways  and  high  speedfl,  weighing 
irhen  empty  5  or  6  tons  for  a  carriage  capable  of  carrying  20  or  3U 
paasengera.  In  light  carriages  on  horse-worked  railways  the  grotis 
load  needs  not  exceed  double  the  net  load. 

430.  The  Tia«<ire  Farce  which  the  prime  movers  on  railways 
exort  will  here  be  considered  so  far  as  '\t  \a  coTii\ecXj&<ii  ■^'^io.  'vSi 

qaestioo  of  gradienta.     The  prime  movexa  codoxeiotA'}  eni^o^e.^ 
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railways  are,  gra^nty,  horses,  fixed  steam  engines, 
steam  engines.     Tlie  Btrengtli  of  men  and  the  foi 
have  also  been  em])loyed,  but  in  isolated  experiments^ 

I.  Gravity  either  assists  or  opiioses  the  other  ki 
power  on  all  inclined  parts   of  a   milway.       It  mi 
sole  motive  power  on  a  descending  gi-adient   that 
steep. 

The  only  case  in  which  gravity  acts  as  a  tractive 
way  is  that  of  a  "  sclf-actlmj  indined  plane"  on  wl 
loaded  wagous  descending  draws  up  a  train  of 
Let  ♦  be  the  sine  of  the  inclination  of  the  plane,  /*thej 
resistance  of  the  wagons,  T  the  weight  of  a  train  of  ea 
W  the  net  loaii  of  a  train.  Then  the  available  tractil 
uniform  speed  ia 

(£-/)(T  +  W). 

The  roi>e,  according  to  present  practice,  is  of  iron  win 
endless,  and  lies  on  a  series  of  sheaves  or  pullies  7  ywia 
weight  of  each  sheave  is  between  20  and  30  lbs. ;  the  n 
i-oj^e  (allowing  G  as  the  factor  of  saft^ty)  per  foot  of  its  Uh 
l-45U0th  of  the  greatest  working  tension,  I^ct  R  be  t 
the  rope  and  pullies;  their  total  resistance  is  usually 
about  l-20th  of  their  weight,  and  tlie  resiiitjince  of 
empty  wagons  is  (i  +/)  T.  In  order  that  the  tnurtii 
aiinply  l>alttnce  the  resistances,  we  must  hare 

(*•-/)  (T  +  W)  =  ^  +  (»+/)Ti..J 

and  the  inclined  f»lane  will  not  work  unless  the  \ 
steeper  than  that  given  by  solving  the  above  equation 

i  must  be  greater  than  \  ^^  +/(W  +  2  T)  [  -^ 

Assnmey  =  00*,  T  =  W  ^  2;  then 

i  must  bo  greater  than  j  oTTTv  "^  '^^^  f  •  • 

The  excess  of  steepness  qIh^vp  this  limit  causes  -— 
tractive  force  alx»ve  re^iatonce,  which  produce*  accolen 
'"^  '        iim  may  lie  allowed  to  go  on  so  long  as  I 

\  tt.  Hwfti  limit ;  so  soon  as  that  limit  baa  boi 
^lua  XtQLdive  tcno^  \tva'<^.\A  c«Qs9unft«)«l  by  the 
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rake*     Tho  wear  of  wire  ropes  is  from  67  to  100  pei'  ceut.  pet 


ic. 
inum. 


IT.  JTorsea. — An  animal  produces  it.s  greatest  day's  work  whe 
■working  for  eight  liours  jK-r  day,  and  with  a  certain  definit«  speed 
lujd  tractive  foi^ce. 

Let  Pj  denote  the  tractive  force  corresponding  to  the  greate 
day's  work ; 
P,  any  other  tractive  force; 

Vj,  the  speed  corresponding  to  the  greatest  day's  work; 
V,  any  other  speed; 

T,  the  time,  in  hours  per  day,  during  which  the  exertion  it 
kept  up. 

Then  the  following  formula  is  approximately  true,  for  effort*  and 
speeds  not  greatly  differing  from  Fj  and  Vj,  and  for  times  nofc 
(greatly  exceeding  eight  houra  i)cr  day : — 


(3.) 


P       V       T 

For  a'good  average  draught  horse  the  following  data  ai-e  nearly 
correct: — 

P  =  120  lbs. 

V|  =  3-6  feet  per  second,  or  about  2^  miles  an  hour. 

For  a  high-bi*ed  hoi-so  of   average  strength  and  activity  it  isl 
difilcult  to  assign  the  values  of  P^  and  Vj,  for  want  of  sutEcicut 
data.     The  following  values  agree  in  a  general  way  with  some  ofi 
the  results  of  experience  in  the  traction  of  stage  coaches  and  of  j 
light  railway  carriages ; — 


■  It  is  eeldom  necessary  to  enter  into  detailed  calcalatlona  as  to  (he  eflect  of  i 
■oceleration  on  a  self-acting  inclined  plane.    It  may  sometimes,  boirerer,  be  desirable 
to  do  to,  where  the  declivity  is  so  alight  that  there  is  a  doubt  whether  the  velocity 
Attained  will  be  solficieiitly  great  to  enable  a  pair  of  trains  to  traverse  the  indiocd 
pUiM  without  inoonvenleot  delay. 

To  flitd  the  time  occnpied  in  traver^iDg  the  plane  animpeded,  let  M  denote  the 
total  weight  of  the  rope  and  sheaves,  and  of  both  traiuB,  together  with  one-half  of  the 
weight  of  the  pnlliea.  Let  F  denote  the  txeat  of  the  tractive  force  above  th« 
Let  L  be  the  length  of  the  plane;  then 


time  ia  acconds 


-V 


L  M 

16  F 


nearly. 


meMB  relocjtr  may  of  eonrge  be  fotind  by  4\v\t\\n^  \^  \i^  ^JcJa  >!BaR- 
igtmtmt  relodty  acquind  ia  double  of  the  mean  velocity. 
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P^  =  64  Ibe. 

y  =  7*2  feet  per  second,  or  about  5  miles  aa  ha 


The  following  are  examples : — 

T,  hours  per  day, 4 

V,  miles  an  hoiir,  5 

P,  tractive 

96 


e  force,  =  64  "^ 


4 

7i 


4 
10 


I 
7i 
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It  may  be  observed  that  the  preceding  data  and 
have  reiierenoe  to  average  speeds,  and  tha.t  the  horse  mar 
ally  bo  required  to  exert  fiiom  once  and  a-half  t*  ■ 
above  stated,  provided  that  he  is  allowed  to 
duriog  the  inci«ased  effort,  and  that  the   additional 
kept  up  for  a  short  time  only. 

III.  Fixed  Steam  Engines  are  employed  for  the  mdlt 
short  distances,  where  the  speed  is  moderate  and  the  i 
steep.  Their  power  is  usually  applied  to  an  endlea  19^ 
ou  sheaves,  like  that  of  a  self-acting  inclined  plir-  "•  ' 
steam  engine  is  placed  at  the  top  of  the  as- 
large  horizontal  cast  iron  pully,  from  5  to  1» 
having  three  or  four  grooves  in  its  rim.  This  i 
pulhj.  At  a  short  distance  in  front  of  that  \' 
dowa-hill  direction)  is  a  jiuUy  one  or  two  feet  e: 
and  with  one  groove  fewer  in  its  rim.  This  is  *^ 
jntlly:  it  rests  on  a  small  four-wheeled  truck,  c. 
from  the  driving  pully  by  a  chain  and  weight,  LIil  v\ij 
eaiScient  to  give  the  requisite  tension  to  tbo  i-ope,  wliicb 
round  Uie  gixioves  of  the  two  pullies.  At  the  foot  of  tl» 
jiluiic  the  rope  posses  round  a  third  horizontal  pnUy, 
the  diiving  pully. 

The  engiue  works  to  the  best  advantage,  and  the 
stiuiiied,  when  one  train  is  ascending  and  another  A 
same  tinie. 

The  greatest  temsion  on  the  rope  is  found  as  £>tl(mB 

Let  P  denote  the  greatest  tractive  force  requirad  t» 
gravity,  and  the  friction  of  the  train,  rope,  and  flh«n 
lated  as  in  p.  636.  About  one-third  of  this  will  bo  tl 
required  at  the  descending  side  of  tho  roj>e,  to  giv« 
*'  h'de "  or  adhesion  between  it  and  the  driving  tioHfl 
at  working  teuaion  at  the  aaoeudinK  ikui  of 
sul. 
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its  weight  per  foot,  if  it  is  made  of  strong  charcoal  iivn  wire, 
Id  be  l-450UUi  of  this.     T}ie  pull  upon  the  axis  of  the  stndixiDg 
ly  should  be  about 

2-74  P.»..., (5.) 

To  find  the  indicated  horse-power  of  the  engine^  let  v  be  the 
Telocity  of  the  rope  in'  feet  per  second  (=  velocity  in  miles  an  hour 
X  1-400);  then 

1-25  Fv      P«  „, 

l-HP    = — j^pT-  =^rT7:I (6.) 

multiplier  1  -25  being  introduced  on  the  supposition  thnt  the 

ution  of  the  st^tm  engine  wastes  one-fifth  of  the  indicated 
rer.     (As  to  "  Wire  Tramways,"  see  p.  784.) 

Another  mode  of  transmitting  the  power  of  the  fixed  engine  to 
tLe  train  is  to  employ  the  engine,  by  means  of  a  large  fiui,  to  6X> 
haust  liir  from  or  blow  air  into  a  tube,  along  which  a  piston  is  pro- 
polled  towards  or  &om  the  engine-stution  by  the  excess  of  the 
fireaBure  behind  it  above  the  pressure  in  fi-ont  of  it.  The  tube  is 
»  brick  tunnel,  with  rails  kid  along  the  bottom,  on  which  the 
wheela  of  the  carriage  ruu ;  and  the  pidton  is  a  shield  fixed  on  the 
end  of  the  carriage  next  the  blowing  engine,  and  having  enough  of 
clearance  round  its  edge  to  prevent  rubbing  against  tlie  biickwork. 
The  edge  of  the  shield  has  a  cloth  fringe  to  duniuiuh  leakage.  For 
coDve^nng  parcels  the  tunnel  is  about  3  feet  in  diameter;  and  the 
apparatius  is  called  the  "  Pneumatic  Dispatch." 

IV".  Locomotive  Engines. — The  tractive  force  of  alocomotiTeougine 
is  in  general  limited,  not  by  the  ])ower  which  the  engine  is  capabl«» 
of  exerting — for  that  is  almost  al\vays  more  than  sufiicient  to  draw 
any  load  that  it  ever  has  to  convey — but  by  the  "  adhesion"  as  it  is 
called,  or  force  which  prevents  the  driving  wheels  from  slipping  on 
the  nils. 

The  adhesion  is  equal  to  the  weight  which  rests  on  the  driving 
wheels,  multiplied  by  a  co-efficient  which  depends  on  the  condition 
of  the  surface  of  the  rails ;  being  greatest  when  they  are  clean  and 
dry,  and  least  when  they  are  wet  and  greasy,  or  covered  with  ioe. 

'  These  calculations  are  made  on  the  sopposidon  that  the  oo-effident  of  Crlctioo 
the  win  rope  and  the  driviiig  pally  is  '16,  that  there  are  throe  groot-es  in  the 
pally,  and  that  the  tension  ia  made  jast  Bufficient  to  prevent  slipping.     In 

etioe,  howerer,  it  is  not  oncommon  to  strain  the  rope  till  the  Uxk&iau  el  vLb  A<rvfvi\- 
'  tJ»  eqtuLl  to  tbe  unctive  force  j  and  in  thot  case 

greatest  temha  at  the  ascending  f'ulc  =.^'9\ 
paU  OB  tbe  txis  of  tbe  straining  pul\y  =  Wl  V. 
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On  an  average,  the  adhesion  of  a  locomotive  eng 
estimated  at  about  one-seventh  of  the  load  on  the  dri 
for  by  sprinkling  sand  on  the  rails  when  they  are  shiu; 
are  icy,  directing  jets  of  steam  on  thenj,  it  oiay  iu 
prevented  from  fulling  below  that  amonut. 

In  order  that  the  i-aila  may  be  able  to  liear  the  J 
dri^nng  wheels  without  damttge,  it  is  eousidered  ad^°iail 
load  on  each  volted  should  not  in  ordinary  cases  exoei 
11,200  lbs.  According  to  this  rule  the  liiuits  o£  la 
driving  wheels,  and  of  tractive  force,  arc 


totd  on  Dttviat 

(lOForcaglnet  with  one  pair  of  driviog  wheels, iotoiu=2 

(2.)  „  two  poire  of  driving  wheels,  coupled,  20     „     ^ 

(3.)  „  three  poireor driving  wheels, coupled,  30     „     (, 

„  Amr  pain  of  driving  nheela,  coupled,  40     „     89^ 


Locomotive  engines  are  seldom  made  with  fewer  than 
Those  which  are  intended  for  the  pi-opulsion  of  comp«ral 
trains  at  high  speeds  have  but  one  pair  of  driving  whe< 
5  feet  6  inches  to  7  feet  6  inches,  and  sometimes  even  8I 
meter.  The  best  position  for  the  shaft  of  that  pair  n 
nearly  under  tJie  centre  of  gravity  of  the  engine,  in  wha 
proper  adjustment  of  the  springs,  it  can  be  made  to  bM 
portion  of  the  weight  from  ^  to  ^.  Iu  Mr.  CraroptoB 
engine,  however,  that  shaft  is  placed  altogether  behind 
of  the  engine,  in  order  to  obtain  a  large  diameter  of  » 
with  a  low  centre  of  gravity.  Engines  for  goods  traiiwo 
weight  have  also  usually  six  wheels,  two  jwirs  of  which 
wheels,  of  5  feet  diameter,  and  are  coupled  together.  Fl 
goods  and  mineral  trains  engines  are  used  having  all 
coupled,  and  usually  of  smaller  diameter,  such  aa  4|  or 
in  some  cases  of  engines  for  ascending  stec:  "  1  pll 
3  feet;  and  occasionally  the  wheels  of  the  t  ,  an 

ateam  power.     (Sec  also  Addenda,  p.  xvi.) 

WEiaHTa  OF  Enoikes  with  sep.xrate  Tent)krs. 
(7^  Tender  tDeigh$from  10  to  15  Urns.) 
Narrow   gauge   passenger   locomotives,  s3x-l 
wheeled,  with  one  pair  of  di-iving  wheels,  | 
Do.  do.  do.       unusually  btfaiiy, 


Broad  gauge  passenger  locomotive,  cdght-V 
wheeled,  with  one  pair  of  driWug  wbe«b  > 
8  feet  iu  diameter, j 

Goods  locomotive,  from  four  to  aix  whecUl^ 
CoupXed, f" 


*4 
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adhesiox  op  locomotive  esgixes — railway  0raoiest8.  cl 
Weights  of  Tank  Exgikes,  carryimo  Fuel  ash  Watee. 

Tool. 

For  light  traffic  on  branch  lines, 12  to  20 

Far  lieavy  tiuffic  on  steep  incliDed  pkues,  with  1        ^  ^^ 

ivom  6  to  12  wheels, ) 

'In  compai-ing  the  tractive  force  of  a  locomotive  engine, 
liicd  by  nrlheaion,  with  the  resistance  and  gravity  of  the  tniluj 
lich  it  is  to  draw,  it  is  obvious  that  the  resistance  due  t<.>  frictiouj 
concussion  qftfia  engine  itself  \a  to  be  left  out  of  account;  foBj 
',  resistance  does  not  constitute  a  backward  pull  nn  tlu'  ongine,j 
ading  to  make  the  driving  wheels  sliix  I 

appe;irs,  then,  that  the  available  t/'activejhrce  of  a  locomotivof. 
le  in  ascending  a  given  inclined  plane,  which  must  be  at  leaad 
to  tlie  resistrtuce  of  the  heaviest  train  that  it  has  to  draw,  id 
be  found  by  subtracting  from  the  adhesion  that  component  oC 
le  weight  of  the  engine  which  acts  as  a  resistance  to  its  asceiit;|| 
it  is  to  say, 

Let  E  denote  the  total  weight  of  the  engine ; 

g  E,  that  part  of  the  weight  wliich  rests  on  the  drivi 

wheels ; 
»,  the  sine  of  the  inclination  of  the  railway ; 
V,  the  available  tractive  force;  then 

P=(^-i)R (7.) 

The  following  are  examples: — 


Pasaeoiger  engines,  one  pair  of  driving  f  from 

wheels, 'I      to 

Goods  engines,  two  pairs  of   wheels  j  from 

coupled, (      to 

Goods  engines,  all  wheels  coupled, l 

By  an  invention  of  Mr.  Ramsbottom's,  the  tender  of  a  locomotiva 
is  rnade  to  supply  itself  with  water  while  in  motion,  through  a 
tubular  scoop  wliich  dips  into  a  long  ■xvater-trough  lying  between 
tbe  rails.  The  siieed  should  be  at  least  22  miles  an  hour,  to 
enable  the  apparatus  to  work. 

431.  Baiiai  Grniiienu  of  Bailwara. — The  general  Tiaturo  of  a 
Tilling  gradient,  and  of  the  principles  accortling  to  which  it  is 
determined,  have  been  explained  in  Article  415,  p.  622. 

iSelf-acting  inclined  planes  and  Jixed  engine  inclined  planet  nral 
excejjtional  cases,  which  are  not  comprehended  under  the  general 
principles  according  to  which  ruling  gradients  arc  determined. 

Horse-jwwar  ia  applicable  to  lines  of  short  length  and  light  traflui 

2t 
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only.     Tlio  tiaotire  force  •which  a  horw  am. 

circumstances  h*a  been  ptntotl  iu  Articlo  -l-'o 

The  meiin  resistanco  of  the  goods  nud  uii^i 

may  be  tjikcu  at  l-250th  uf  the  groHa  load,  o:  .  .     .  , ..  .,  a 

the   passi'Uge.   cnn-'DigcH  arc   catvfully  cuu8tructcd,   in  t  na 

epcciidly  8Vtt,.<l  to  the  traffic,   their  rosistaiice  may  be  tiki 

l-riOOth,  or  4A  lbs,  per  ton,  on  a  levt-l  Btrnigbt  line,  and  "OOK 

1-373<1,  or  n  lb&  per  ton,  on  a  level   Vwo  with  a  nuidi 

portion  of  cur\'cs  iu  its  course     It  appears  from  ex 

gradients  of  from  1  in  100  to  1  in  70  may  be  surm 

auxiliary  power,  provided  they  do  not  extiuid  to  a 

than  two  milcK,  or  tl         '  '  a  stretch,  and 

not  urged  to  a  higl  he  naturally 

longer  ascents  it  is  udvi.^ulilc,  il  possible,  to  limit  ihti 

iu  200.     On  ascents  of  from  1  in  50  to  1  in  40,  or  9iUai^fas,Ji 

the  load  drawn  by  one  horse  on  other  parts  of  the  "  ~ 

dii'idod  liotwcen  two,  or  an  auxiliary  b<>r^'  nhoidd 

each  cairiage  or  train,  and  the  apir  !  Doi 

paee.    Steep  Rsoents  for  very  shoi  ts  may  vmetiB 

snmioiinted  by  taking  a  "race"  at  tliem. 

In  tixiug  the  ruling  gradient  of  a  tocomotive  railway,  it  is  a 
be  supposed  that  rules  deduced  from  the  general  piinciplef  al 
explained  are  to  be  held  as  absohitely  binding.  Thdr  projM 
18  to  guide  the  engineer,  when  no  cause  exists  Kutficient  in  ha 
iiient  to  warrant  a  deviation  from  them. 

TIiIh  U'ing  undersUMid,  it  appearB  that  there  are  four  thi 
be  adapted  to  each  other, — the  greatest  load  of  a  trn'"   'i'' 
Bpo<Hl  of  conveyance  in  ascending  declivities,  the    i! 
engine,  and  the  ruling  gradient;  that  is,  th'-    '  ■' —  ■ 
irmoh  the  ordinary  traffic  is  conveyed  by  1 1 
the  line,  without  the  aid  of  auxiliary  eugiih 
8t«"p  inclined  planes.     The  adaptation  of  th 
other  is  indicated  by  the  following  equation,  m  \vni:)i  .Mr.  » 
formula.  Article  428,  equation  3,  p.  C33,  is  adopUnl  fcir  tho 
•DOB  of  the  tnin : — 

kLet  E  denote  the  weight  of  the  engine  (soe  Article  430,  jl 
q  E,   tho  fiart   of  that  weight  which  rests  on  the  d 
wheel*  (sec  Article  430,  p.  641). 
T,  the  gross  weight  of  the  train  and  tender  (if  flm 
tender).     As  to  the  proportion  of  gross  to  net  loi 
Article  429,  p.  635;  as  to  the  wajgU  of  tiie  tmit 
Article  430,  ^  640. 
"V,  the  \eM\.  wp(seA.vaTm^«»\«i\«roat  «X^\i:Meb.'iiw& 
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^p[  tiio  one  of  the  ruling  gradient  ( wlioae  inclination  in 
I       ordinary  terms  will  be  described  as  1  in  -.  j '  then 

I  (?-•)  ^  =  { ">"•'''  (• + mo)  + ' }  ^'^ <••> 

fOBi  this  equation  are  deduced  tlie  following  formulae:  given 
V,  to  find  the  ratio  of  the  weight  of  tlie  engine  to  that  of  the 

I  and  tender;  alao  the  reciprocal  of  that  ratio: — 

■  E  +  T  = i !.'■'"''    ..  .; (i) 

F 

T^E  =  (?-i)^{<,02C8(,+j;^^)+<};   W 

II  £,  g,  T,  t,  to  find  the  speed  of  ascent  V ; 

■  V  =  733Y^{(|-t)|--00268-»}; (4.) 

»  E,  jT,  T,  V,  to  find  the  ruling  gradient  i; 

^=|?J'-*026s(i  +  jI1)t}^(E  +  T).    (3.) 

ccording  to  Mr.  Clark's  allowance  of  50  per  cent,  for  occasional 

mtingent  resistances  i-eferred  to  in  Article  428,  p.  C35,  00403 

occasionally  have  to  be  substituted  for  -00208  in  the  preceding 

Ills. 

le  foUowing  may  be  taken  as  examples  of  the  residis  of  such 

rons,  the  formula  employed  being  equation  3 : — 
EXAXFLE.  I.  II.  IIL 

Speed  in  miles  an  hour, 24         18         12 

Tmu.       Tons.      Took 
"Weight  of  engine, 20         30         30 

l^amberof  driving  or  coupled  wheels,        a  4  all 

Tom.  TonsL  Tool 

Xoad  on  driving  or  coupled  wheels,...  10         31         30 

Weight  of  tender, 10         la         15 

Sf'inSo, 33  9»  M5 1  ^ 

I  in  80. 63  154  238     ,^ 

-^iJ"^^  y  I  in  100, 19  i^x  I'^^X^^ 

/  I  m  133-3, 104  ^A^      'JA'^W 

[Tinaoo, 14a       ^^^      V^^\ 
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Tlio  thing  to  1)e  principally  cousiderecl  iu  fixing  a 
13  the  traffic.  This  having  been  ascertnineJ.  so  ns  to 
pixrbable  gross  load  of  the  (several  descriptioas  of  f 
goods  trains,  uiid  the  speed  at  which  thej  arv  to  run  i 
pnrts  of  the  line,  the  ruling  gradient  is  to  br  fixed  M 
witli  not  more  than  about  5  tous  of  load  oii  each  vhta 
to  draw  the  trains. 

It  is  in  general  bad  eoonomy  to  incur  heavy  yrot\ 
ease  the  ruling  giitdient,  merely  for  the  sake  of  e 
engines  to  convey  a  heavy  traffic;  but  -when?  the  U5 
and  modemte  gradienL^  can  be  obtainetl  without  heari 
engines  may  be  u-sed  with  advantage. 

431  A.  The  Action  of  Bnikr*  may  have  to  be  consk 
nection  with  questions  respecting  gradieiib?. 

The  immediate  effect  of  applying  brakes  in  to  rtnt 
jMirtially  either  some  or  all  of  the  wheels  of  the  tinin,  so  u 
instead  of  rolling  on  the  rails;  and  the  ini-rease<l  rea 
produced  stops  the  movement  of  the  tr.ain  in  the  com 
pi-oportional  directly  to  the  si)eed  and  inversely  t^.»  fJn 
and  of  a  distance  proportional  dii-ectly  to  the  s«.]uarp  n 
and  inversely  to  the  resistance.  The  dUtajicr  in  the  cotr 
the  train  is  stop[>ed  is  of  more  importance  pmctiad 
time,  and  is  found  as  follows : — 

Lot  y  be  the  proportion  which  the  resistAtice  prodl 
brakes  bears  to  the  weight  of  the  train ; 
V,  the  speed  iu  feet  jicr  second;  then  ,, 

distance  in  feet  on  a  level  =  «*  j.  64-4/*. 

For  practical  purposes  it  is  more  convenient  to  state 
in  milea  an  hour.     Let  V  denote  that  velocity;  then 

distance  in  feet  on  a  level  =  V  ^  30y 

There  are  self-acting  bmkea,  ojjenitod  «ijou  by  (lie 
mechanism  worked  by  steam,  or  otherwise,  which 
wheels  at  onca*     I^'or  such  brakes  it  toay  be  considind 

/'  =  •  14  nearly. 

It  is  not  considered  desirable  to  stop  a  tiuin  much  ma 
than  these  brakes  do,  lest  an  injurious  shock  ahoold  b« 

For  ordinary  bnikes,  worked  by  hand  in  carriages  Oi 
vans/'  the  >^ue  of  y  may  be  estimated  aa  ranging 


from  about  -031  to  023; 
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that  they  stop  the  trains  iti  distances  ranging  from  4{  to  6  times 
(he  liistaiices  required  hy  brakes  thiit  act  on  all  the  wlu^ls.* 

The  following  nre  sciuie  of  the  results  <jf  tliose  data,  calculated  in 
Krand  numbers,  as  procision  of  calculation  is  useless  in  this  case : — 

Ipced  iu  miles  an  hour, lo       20       30       40      50       60 

34       96     216     384     600    864 


istance  in  feet  required  for'J 
stopping  the  train  on  a  level,  ^ 
with  bridita  acting  ou  all  the  i 
whwls, ) 

Vitliotxlinatybmkes,...r'*;"     '°^     ^^=     972172827003888 
■^  '       (      to     144     576  1290  2304  3600  5184 

On  a  gradient  ascending  at  the  nito  of  1  iu  1  -f.  i,  the  re-sLstance 
vailsible  for  .stopping  the  train  hecomesy''  +  i,  and  it  is  8ttij»jH.'d  in 
o  much  the  shorter  distance. 

On  a  gradieut  descendinfj  at  the  rate  of  1  in  1  -4-  i,  the  resistance 
.vailable  fur  stopping  the  train  is  diminished  to  /'  —  i,  and  the 

Knee  requii-ed  for  stopping  it  becomes, 
- 


distance  on  a  level  X/'  -r-if  —  t) (5.) 


S.  OmiiieBU  wiib  AHxitiarr  Poirer. — \Vlici'e  an  inclined  piano 
'nrs  steeper  than  the  ruling  gradient,  auxiliary  ]>ower  may  bo 
ipplicd  either  by  atttiehing  an  addititmal  locomotive  to  each  train, 
pr  by  having  special  locomotives  of  great  weight  and  power  to 
draw  the  trains  vip,  or  by  using  a  fixed  engine  and  rope.  Tlio 
economy  of  the  use  of  auxiliary  power  dei>enda  umitily  on  the 
Constant  y  with  which  it  can  be  kept  at  work ;  and  this  de^}euds  ou 
the  nature  of  the  traffic. 

The  locomotive  engines  used  for  this  purpose  are  usually  tank 
engines,  in  order  that  the  weight  pixiducing  adhe.4ion  may  be  an 
great  as  possible. 

433.  P«wcr  Exened  br  Locomotlre  Enginea.^ — I^ides  drawing 
ihe  train,  the  locomotive  engine  has  to  overcome  the  resistance  of 
its  own  wheels  and  axles,  and  of  its  own  mechanism.  If  the  y)Ower 
br  meohanicjd  energy  exi>ended  in  overcoming  this  additional 
resistance,  while  the  engine  travels  over  a  given  distance,  be 
vided  by  that  distance,  there  is  obtained  the  additional  train- 
stance  which  would  be  equivalent  to  the  resistance  of  the 
le;  and  this  being  abided  to  the  resistance  of  the  tender  and 
gives  the  grosa  resiatnnce  of  the  engine,  tender,  and  train, 
arious  ndes  have  been  proposed  and  tried  for  computing  tho 
ditional  renistance  of  the  engine. 

The  foBftwing  rule  is  fomifled  on  tlie  principle  t\\a.t  t\\ft  Te^fts^JK&^ia 
cJic  engine  cousistd  of  tM'o  parts  j  the  lirst,  \>g.\ng  ^.^vo  Tv&\Wi«rf»  V''' 
*  See  AddenduDi,  p.  7^. 
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the  engine  at  a  eorrieige,  is  the  same  -with  that  of  a  tn 
same  weight;  the  second,  being  the  resistance  caused  by 
on  tiie  mechanism,  bears  a  certain,  proportion  to  the  ^ 
mstanoe  of  the  engine  and  train,  whether  arising  from 
concussion,  or  gravity ;  and  that  proportion  appean  to  be  al 
third.  That  principle  is  espre^ed  by  the  following  for 
the  gross  resistance  B,  of  an  engine  whose  weight  is  £,  d 
tender  and  train  whose  gross  weight  is  T,  at  the  speed  of 
an  hour  up  an  incline  of  1  in  1  -f-  i : — 

R  =  |(T  +  B){-002(!8(l+j^(,) +.};.... 

or  if  B  is  in  lbs.,  and  T  and  E  in  tons, 

K  =  (T  +  E)-  {s  +  j^  +  2,9S7t}.* 

Under  unfavourable  circumstances  -00402  may  occasionalli 

V2  V- 

to  be  substituted  for  -00208,  and  12  +  j^-^  for  8  +  -^. 

For  a  descending  gradient,  each  term  in  t  is  to  Ix'  subtt 
instead  of  added. 

The  energy  exerted  by  the  engine  jjer  minute,  in  fu<3t-pou3 
the  product  of  the  effort  or  pross  ix'sistance  in  ]>ouniI.s  anJ  ?]* 
feet  per  minute ;  that  is  to  ."ray, 


8t!  V  E ; 


(one  mile  an  hour  being  8S  feet  jwr  minute).     The  iiuilc-Tlr'i  *■ 
power  is 

88  YRVR 

33,000  ~""375 

Let  A  be  th(!  area  of  each  of  tlie  two  pi.stons  of  ilie  «? 
in  sfjuare  inches;  ^>,  the  7//<?rt/i  rj/'ectivc  pressurf,  in  I's.  ■-. 
square  inch;  c,  the  circunifeirnco  *)<*  thi*  dri\iiig  wliwls. 'J  • 
/,  the  length  of  .sti-oko  of  tlie  jiistons,  aliso  in  foet:  aiA'. « 
be  the  diameter  of  the  pistons,  anil  D  that  «)f  the  driviuj  •-' 
then 

•  The  above  fonnula  differs  from  that  of  Mr.  D.  K.  Clark  fa  tl»  t* 
lespects : — One-third  is  added  to  the   whole  rcsistaiice  of  the  cnpoi  ^i  ' 
oonaidered  as  carriages,  vhether  arising  from  friction,  concussion,  or  giantr;  . 
in  Mr.  Clark's  formula,  one-third  is  added  to  the  friction,  two- fifths  to  Iki  ^ 
fiom  concussiun,  and  nothing  to  the  resistance  from  gra\ity. 


LUIPLE. 
[miles  an  hour, 
Ig  gradient, 

"  'engine, 

'tender, 

train, 

ice  of  driving  ) 

'pistonB,  

ch  piston, 

OSS  resistance, ... 
pressure  in  I 
]uare  inch,  | 
of  pistons,  { 

minute, f 

ropt  through  by  \ 
in  cubic  foet  per  ^ 

I  horse-power, ...... 


200  sq.  ID. 
4,502  lbs. 


"733 
3S8 


«335"9 
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m  effective  pressure  of  steam  in  the  cylinder  is  regulated 
Jbrt  rctpiircd  tt)  overcome  the  resistance,  as  showTi  by  the 

rid  calculations  juat  given.  The  pressure  of  the  steam  in 
exctvcck  the  mean  effective  pressui-e  in  the  cylinder  in  a 
k  depending  on  the  extent  to  which  the  steam  is  worked 
py,  <^ud  various  other  circuiufitanccs.  It  usually  ranges  in 
torn  80  lbs.  to  140  lbs.  per  square  inch  above  the  atmos- 
iBsvire.  In  some  ca«es  engines  have  been  worked  at  a  prea- 
^  lbs.  per  square  inch.  The  most  common  pressures  at 
100  to  120  lbs. 
^nMch  tlic  engine  runs  when  exerting  a  given  effort 
[  hf  tibe  qujintity  of  steam  at  the  required  pressure  which 
"jle  of  producing;  which  quantity  dejiends  or 
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quuntity  of  fuel  that  cau  be  burned  in  the  faroaoo  in 
and  tho  efficiency  of  that  fuel  in  producing  steam. 

The  cotisumption  of  fuel  by  locoTootivo  en.--: 
horse-power  per  hovir,  may  be  estimated  as  ran^  ; 

aud  the  evaporation  frtim  7  to  9  lbs.  jx-r  lb.  of  liu  i.      i  uoJ 
of  hcuting  surface  in  ordinary  engines  varien  fruiu  SO 
tiquiire  feet;  and  the  area  of  heating  snrfa^^e  for  each 
burned  per  hour  varies  from  about  half  a  square  foot  U 
foot,  and  is  on  an  avemge  about  one  square  foot. 

Tho  acti<in  of  the  blast-pipe  gives  to  the  locomotive 
power  of  ailapting  its  consumption  of  fuel  to  tho  wor 
has  to  perfoim,  witliin  certain  limiLs.  Hence  the  rapid  oo 
of  fuel  by  heavy  and  powerful  ens^nes,  in  u-scendinij  st< 
planes,  is  to  a  gi-eat  extent  com[)easatod  by  the  siving  ■ 
place  in  descending. 

The  dctsiils  of  the  construction  of  locomotive  enginei*, 
action  of  the  fuel  and  steam  in  them,  belong  to  the  subj 
chanicul  engineering,  and  cannot  be  comprehended  in 
work.     For  information  respecting  these?  matters,  see  ] 
Clark's  work  Oti  Railu-aJ/  Machmet'it,  Mr.  Z.  Colbuni'l 
Locomotive  A'ngineering,  and  that  of  the  Author  On 

43-1,  c»rTc«.— T.  AddUionnl  Hesistance  on  Curve$. — 0 
line  of  railway  increase  the  resistance  to  an  extent  yi\uA 
what  uncertain.  From  experiments  made  by  Lieuteai 
Hankine  and  the  author  on  light  pas-senger  carriagrs 
cylindrical  wlieels,  lutving  a  i^esistance  of  01)2,  or  \\  Ibfc  f 
a  level  stmiglit  line,  it  appeared  that  the  attditioual 


in  fractions  of  the  load,  3*3  -f-  radius  in  feet; 

or,    'C00625  -~  radius  in  militfj 
or  in  lbs.  per  ton,  1-4  -r-  radius  in  roilesJ^ 

So  long  as  the  practice  prevailed  of  tapering  the  tlr«8 
to  a  considerable  extent,  the  resistances  on^curresuad 
Bpjiear  to  have  been  nearly  equal ;  the  tapered  or  cuuicti 
what  diminishing  the  resistance  on  curves,  while  it  0 
increased  that  on  straight  lines,  by  causing  the  carriafia 
a  ser|x^ntLne  course,  and  so  augmenting  the  re.?!  : 
cussion.     But  since  the  taper  of  the  wheels  ha.'i 
done  away  with,  and  in  others  made  very  sli   ' 
resistance  on  straight  lines  has  become  .««'ti>r 

Sonjo  experimeuts  on  Amcriejva  niii 
for  the  resistance  due  to  curvature,  tla 


*  \Uiih3)nfc  On  C^UmIt^cm^  Wt^eik.  IMt. 


CURVES  OX   KAILWAYS — CA^JT.  649 


in  fractions  of  the  load,  1*36  -^  iti<liu.s  in  fcpt;     ") 

or,    '000353  -r-  mdius  in  uiiles;  >  (2.) 
or  in  lbs.  per  ton,  0'578         -f  nulius  in  miles  j  ) 

e  smallness  of  these  results,  compared  with  those  given  in 
formula!  (1),  may  perbips  be  owing  to  the  use  of  "bogey** 

ilgCS. 

IX,  A  dujitalion  oj  VeJiicles  to  Curt'c*.— Both  engines  and  carriages 
adiiptcd  to  sharitly  ciii'ved  lines  of  railway  by  means  of  the 
•*  botjfy  " — ii  truck  cu{jable  of  turning  about  a  pivot  into  varioiui 
itioiis  ixilatively  to  'ho  carriage  or  engine  whJdi  it  siip|M3rts. 
long  jwssenger  carriage  is  supported  on  two  four-wheeled  bogeys, 
one  near  each  end.      The  "Fairlie"  locomotive  engine  is  sup- 

Eorterl  iu  the  siime  wuy ;  each  of  the  bogeys  has  its  wheels 
riven  by  an  iiide|iendeut  engine,  and  the  boiler  and  furnace 
re  iu  the  middle,  (ft'c-e  7'he  Engineer,  1S70,  vol.  xxix.,  p.  389.) 
Instead  of  bogeys  and  pivot;:,  Mr.  W.  B.  Adams  uses  a 
|Mir  of  axle-boxes  for  the  leading  wheels,  sliding  in  curved 
guides  whose  centre  is  at  a  jioiut  near  the  middle  of  tho 
carriage.  By  the  aid  of  such  contrivances  engines  aad 
carriages  are  enabled  to  pass  round  curves  of  mdii  as  small  a9 
S^  chains  (231  feet).  On  Briti-sh  railways?,  curves  of  sharper 
ladit    than    10   chains  are  of  rare  occurrence.     (See  Ax>0£mda, 

III,  Cant  of  Railtcfa  Curve. — This  terra  denotes  the  transverso 
A>pe  which  is  given  to  the  surface  of  the  rails  of  a  curve,  in  oixler 
to  counteract  the  tendency  of  the  carrhiges  U>  go  straight  forwaitl, 

id  »o  to  leave  the  curve.  That  tendency  arises  from  three  causes, 
— from  the  ccutinfugjil  force,  from  the  jmrallelism  of  the  axles,  and 
from  thr  slip  of  the  whei-lH, 

Let  17  lie  the  velocity  of  a  ti-aiu  in  feet  j>er  second,  moving  round 
ctirve  of  the  radius  r  in  feet,  then  its  centrifuf/al jbrce  bears  to  its 

ight  the  proiwrtion  of 

32^,^'^ W 

ind  this  is  the  ratio  w  liich  the  eanl,  or  elevation  of  the  outer  above 
the  inner  rail  of  the  curved  line  of  rails,  must  bear  to  the  oadoe,  or 

nsverso  dLstanco  between  the  rails. 

If  V  be  the  »i)eed  iu  miles  an  hour, 

cant  for  centiifugal  force  =  gauge  X  ^-.—  nearly.... (4) 

clear  gauge  is — 

On  British  naiTow  gauge  railways, 4  feet  8J  iuchoiL 

On  British  bmatl  gauge  railways, 7  feet. 

On  Irish  railways, 5  feet  3  inchei. 
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One-half  of  the  cant  Bhonld  \>e  given  by  r  <• 

above  the  levol  of  the  centre  line,  the  oUut  h  | 

inner  mil.     It  is  imposfdble  to  adjust  tlie  cant  aliki.*  lur  all 
but  it  is  heist  to  adupt  it  neaxly  to  the  Li^^hudt  Hpecd  of 
oocurrunce  on  the  line. 

For  example,  8up]K)»e  that  speed  to  be  40  miles  an  hour 
the  values  of  the  cant  tor  centrifugal  foroe,  in  inches,  are  as  fulkm 
for  dif  orent  gauges : — 


Gauge. 

4  feet  8^  inches. 

5  H    3       » 

6  „    o       „ 

7  «    o 


Ctnt  fv<r  CcotiUugal  Force,  in  IneUa, 
fi.ooo  -T-  radius  in  feet. 
6,730  -=-  radios  in  (txt 
7,680  -j-  nulius  in  feet, 
8,960  -i-  rulius  in  feet 


The  tendency  to  leave  the  line  which  arises  from  the 
paraliul,  instead  of  radiating  from  the  ct-utre  of  the  cin 
easily  bo  distioguuhcd  from  that  due  to  the  next  causri. 

The  tendency  to  Icikvc  the  line  M'hioh  ariaeit  from  the  ahu  tH 
wheels  is  produced  in  the  following  way; — The  outer  tailci 
given  arc  of  the  curve  is  longer  than  the  inner  rail  in  the  i 

rudiuB  -f  gauge  :  radius  ; 

and  while  the  inner  wheel  rolls  over  a  given  arc  of  the  iniiDr  nil,] 
the  outer  wheel,  if  it  be  of  the  same  diameter  with  the  i 
lu»«  to  slip  over  a  dbtauce  equal  to  the  diffi'rence  nf  th' 
the  niiU.     Thus  is  produced  nu  additionnl 
of  the  outer  wlicel  of  each  jiaLr  of  wheels, ; 
end  of  the  carriage  swen'u  outwards.     Thi;  La| 
wheels  waa  devised  to  prevent  this  tendency,  1 
wheel  to  run  on  a  portion  of  its  tire  of  larger  diaii 
on  which  the  inner  wheel  runs  at  the  sanm  time.      1 
advantage  already  mentioned,  hijwever,  of  increasing  the 
or  sideward  swinging  of  trains  on  straight  liu est.      The  tei 
swerve  may  be  eoirectcd  in  cylindrical  wheels  by  means  of  1 
tional  cant,  which  throws  the  larger  j)ro|jortiou  of  the 
the  inner  i-aiL     The  additional  cant  ivquin'd  for  that 
det-ennined  experimentally  by  Lieutenant  David  Ranluoe 
uutlior  for  carriages  moving  on  a  narrow  gauge  line  at  s|»cxlsi 
^_   C  to  12  miles  an  hour,  and  found  to  be  independent  of 

^^B  Bad  inversely  proportional  to  the  i-adius  of  the  ciurve; 

^^Brbj  the  following  formula  : — 


additional  caxiX.  \\\  ^cc\.     ^    ^^  ^  ~ni&ia&v«k.^ciA. 
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CFRVE  OF  sons— CVaTE  OF  ADJUSTMENT.  Gd 

inch  additional  cant  is  probably  rendered  unnecessary  by  tM 
of  bogej-g,  or  of  axle-boxes  sliding  in  curved  guides,  ] 

.V.  Method  of  Easing  C/iange$  of  Curvature. — Every  cbangaj 
ture  should,  be  accoiupauied  by  a  change  in  the  cant  of  t^ 
and  as  changes  of  the  cant  of  the  rails  can  only  be  made  h 
^rces.  changes  of  cun'aturc  should  be  gradual  also,  whether  thfl 
(ir  at  the  junctions  of  cui'ves  with  stmight  lines,  or  of  curvesi 
•  1  -rse  cur\Titure,  or  of  different  radii,  with  each  other.  j 

Two  methods  of  setting  out  curves  with  gradual  changes  of  col 
ture  have  been  practised — one,  invented  by  Mr.  Gravatt  aboil 
^^   528  or  1829,  consists  in  the  use  of  the  curve  of  sines  instead  i 
Ijft^lie   circle  for  railway  curves;  the  other,  invented  by  Mr.  "Williai 
ude  about  twenty  years  ago,  consists  in  adhering  to  the  use  <| 
™  circle  throughout  the  greater  part  of  the  extent  of  each  cur 
-tit-  inti-oducing  at  each  end  of  each  cui-vc  a  small  portion  of  a  cui 
■j>"jnroximating  to  the  elastic  curve,  for  the  purpose  of  making 
^=i.r».nge  of  curvatvtre  by  degrees.     The  proper  place  for  referring ' 
"fcKB^  methods  would  have  V>een  Ai-ticle  63,  p.  101,  which  relates 
^l>.<^  ranging  and  setting  out  of  curves;  but  although  they  have  be 
long  in  use,  no  account  of  either  of  them  was  published  until  al't 
t  part  of  this  book  was  in  type.     For  details  respecting  thei 
TroTisacHoTis  of  the  Instiliction  q/  Engineers  in  Scotland, 
t:-^-.  18G0-G1. 

Tlic  curve  of  sines  is  that  which  gives  the  most  gradual  variat 
oC  Lim'ature;  but  its  use  involves  the  abandonment  of  circular) 
"^^  1.1.  -irt?  the  most  easily  and  rapidly  set  out  of  all  curved  Una 
— "  Froude's  "  curve  of  adjustment "  (as  it  may  be  called)  is  < 

^ -  j-jii.ijjtd  with  circular  arcs,  the  most  convenient  mode  of  applyi 
"*t  to  practice  will  now  be  described. 

SnitiKTse  that  a  portion  of  a  line  of  railway,  consisting  of  a  cun 
«>*■  of  a  series  of  curves,  but  beginning  aiul  ending  w^ith  strai^ 
^Snes,  is  to  be  set  out  in  such  a  manner  that  all  changes  of  curvatv 
^Kwll  be  gradual. 

(1.)  Begin  by  ranging  the  centre  lino  an  a  scries  of  circuhu' 
^^ccortliug  to  Method  I.  of  Article  03,  p.  102,  and  marking  it 
1  vil.'s  or  temporary  stakes. 

( L*,)  Determine  the  length  to  be  adopted  for  the  "  curves  of  adj\ 

•t-jirnt^*  as  follows: — Compute  the  canl  i-equired  for  each  of 

■«::-iix:uIar  arcs,  according  to  the  rules  of  Division  III, of  this  arti< 

^ku'l  t!i-  several  chunges  of  cant;  observing  that  the  change  of 

Bbetw  >  t  II  a  straight  line  and  a  curve  is  simply  the  cant  of  the  cuni 

■ttiat  if  two  adjacent  curves  are  curv^ed  in  the  same  direction,  tl 

Kdmoge  is  the  difference  of  cant;  and  thiit  if  they  are  curved  1 

arcverse  dii'cctions,  the  change  is  the  sum  of  the  two  diviXs.  J 

_      Multiply  the  ffreatest  c/tange  of  card  by  ^t  tecivipviicaX.  tsK.  1 
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steepest  gradient  of  adjustment;  that  is,  the  greatest 
inclination  which  can  conveniently  be  given  to  the  oul 
rail  in  changing  the  cant.  The  result  -will  be  tlie  leng 
the  curves  of  adjustment. 

According  to  Mr.  Froude,  the  gradient  of  adjustmei 
exceed  1  in  300.     Then, 

Length  of  curve  of  adjustment  =  300  X  greatest  change 

(3.)  Compute,  for  each  circular  arc  of  the  series, 
follows : — 

Shift  =  (length  of  curve  of  adjustment)-  -^  24  r 

Then  shift  the  poles  by  which  a  given  circular  an 
inwards  (that  is,   towards  the  centre  of  curvature 
through   the  distance  computed  by  the  ulxjve  foruiul 
ample,  in  fig.  276,  let  A  B,  B  C,  be  a  pair  of  cousocut 


Fig:.  270. 

arcs,  marked  by  poles,  and  joining  each  other  at  thi 
contact  B.  Let  B  E,  B  F,  bo  the  shijh  proper  to  the 
respectively,  as  computed  by  equation  7 ;  after  all  the  jwK 
shifted,  they  will  mai'k  the  arcs  D  E,  F  G,  having  a  g!ij>  Ix 
at  E  F,  equal  to  the  sum  of  the  two  shifts,  if  the  arcs  ai 
reverse  directions,  or  the  difiorence  of  the  shifts,  if  t 
curved  in  the  same  direction.  Str.iight  lines  are  not  to 
so  that  where  a  curve  joins  a  straight  line,  the  gap  is 
shift  of  the  curve. 

(4.)  Set  out  tlie  "  cun'e  of  adjust  ment"  I  H  K  as  iv\ 
its  middle  point,  bisect  the  gap  E  F  in  H.  For  its  eui 
lay  off  E  I  and  F  K,  each  equal  to  half  its  lonyth.  as  o 
equation  G.  For  intermediate  |)oints  in  the  division  . 
ordinates  tat  right  angles  from  a  scries  of  points  in  tlie ' 
I  E,  proportional  to  the  cubes  of  the  distances  from 
intermediate  points  in  the  division  K  H,  lay  olf  ordinat 
angles  from  a  series  of  points  in  the  circular  aix:  K  F,  p 
to  the  cubes  of  the  distances  from  K. 

T\ie  {o\\oV\u^\&  %icit\sra!ka.^<2it  calculating  those  orditf 


a  denote  tho  length  I  K  of  the  curvo  of  ndjustment; 

b,  tlie  gai»  E  F,  or  suui  of  tlie  shifts; 

X,  the  distance,  uieiwured  ou  the  cii*cular  ai"c,  of  any  point 

from  I  or  from  K,  as  the  case  may  l>e; 
f/,  tho  ordinate;  then 

y=-78-- (S) 


JIPLE. — A  cuiTe  of  20  chains  radius  (=r  1,320  feet),  with  cant 
to  a  speed  of  40  miles  an  horn-  on  a  nan"ow  gauge  line,  is  to  be 
ited  with  a  straight  line. 

t  (see  p.  650)  =  500  feet  -;■  1,320  =  -3788  foot; 

gth    of  ciuTo   of   adjustment,  a  =  '3788  x   300  =  113'C 

«t; 

tfor  circular  arc  =  (113-fi)2  -^  24  x   1,320  =  -407  foot.  i 

the  arc  is  to  join  a  straight  line,  thi.?  is  altio  the  width  of  the 

t 

4  X  -407  a? 
i'onnula  for  ordinatcs,  y  = — TfTaTfivs-   =  '000,001,11  a~. 

easing  or  "  humouring"  of  changes  of  cumtttire  is  perfonnod 
rlayers  by  the  eye,  -with  consideiiible  acciuracy,  in  tho  case  of 
J  curves,  where  a  *'  bit  of  straight "  has  l)een  set  out  to  con- 
Le  two  circular  arcs;  but  no  such  npjiroximate  process  is 
,e  Ht  junctions  of  curves  with  straight  lines,  or  of  curves  of 
al  radii,  curved  in  the  same  direction. 

Combiiuition  of  Curves  and  Gradients. — As  curvature  of  the 
.creases  the  resistance  of  trains  and  the  rlanger  of  jmiiping  off 
le  at  high  speeds,  it  is  advisable  to  avoid  very  sliarp  curves  on 
gradients,  and  on  parts  of  tho  line  where  the  speed  is  to  be 
igh. 

ere  sharp  curves  necessarily  occur  in  the  course  of  a  steep 
,  it  is  advisable,  instead  of  adopting  an  uniform  gradient,  to 
it  slightly  steeper  ou  the  straight  parts  of  the  line,  and 
y  flatter  on  the  curved  jmrts,  in  order  that  the  i-tsistance  of 
lending  train  may  Ije  as  nearly  as  |x>asible  uniform.  In  the 
e  of  more  precise  data,  formula  1  of  Division  L  of  this 
B,  p.  648,  may  be  used  to  compute  the  resistance  duo  to 
ure  for  engines  and  carriages  without  bogeys,  and  formula 
49,  for  those  with  bogeys. 
Jddiiionttl  Problems  in  Setting  out  Curuea. 
jUir  FiasT. — To  find  the  radius  oj  a  circular  are  V3lv>cK  dwdiX 
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Kvuxeasivdy  touch  three  straight  lines,  B  D,  D  £,  E  C, 
measure  the  middle  straight  line  D  E,  and  the  acnte  an 
and  E.    Then 

Radius  =  D  E  -=-  (tan  -  D  +  tan  ^  e); 

which  having  been  computed,  the  curve  can  be  set  out  ly 
I.  of  Article  63,  p.  102. 

Problem  Second. — To  set  out  the  curve  of  sines,  or  I 
curve,  proposed  by  Mr.  Gravatt.  This  curve  may  be  w 
advantage  where  there  is  clear  ground  and  sufficient  time ' 
itb     Let  B  A,  C  A,  be  the  two  straight  tangents  to  be  a 


Fig.  277. 


by  means  of  the  curve,  cutting  each  other  in  A.  lay 
straight  line  A  D  E,  bisecting  the  angle  B  A  C,  and  chocs 
point  D  for  the  curve  to  traverse.     Lay  oflf"  the  distances. 


A  B  =  A  C  =  2-75193  A  D 


sec  i,  B  A  C: 


then  B  and  C  will  be  the  ends  of  the  curve.  Conceive  tl 
B  E  C  to  represent  a  semicircle  stretched  out  straight,  and 
into  180  degrees,  and  lay  oflf  ordinates  at  right  angles  to  it 
tional  to  the  .sines  of  arcs  marked  u][)on  it:  the  ends  ' 
ordinates  will  be  points  in  the  curva  The  nuddle  or 
ordinate  is, 


DE  =  1-75193  AD; 


Let  X  denote  any  abscissa  B  X,  measured  from  one  of  ti 
of  the  curve;  y,  the  corresponding  ordinate  X  Y;  then 


y  =  DEsin-g-j,-;. 


CURVES  OP  BAtLWATSL 


B  E  =  2-75193  A  D   tan  I  B  A  C. (13.) 

cttrvatiire  occurs  at  D,  where  the  radius  of  curvature 


D  E'tan2 


^BAC. (U.) 


be  cant  of  the  rails  at  D  in  adaptol  to  this  radius,  the  cant  at 
ther  point  may  be  determined  with  sufficient  aocuracy  for 
»  by  making  it  vary  simply  aa  the  ordinate  y.  The  form  uf 
be  is  nearly,  though  not  exactly,  that  of  an  elastic  bow 
^m  section,  bent  by  means  of  a  string  connecting  its  ends. 
fBLEH  Third. — To  connect  a  circular  arc  and  a  straigfit  line,  or 
xxHar  area,  which  do  jwi  touch  or  cut  each  other,  by  meang  of  an 
curve  (Mr.  Fronde's  curve  of  adjustment).  Fig.  27 G,  p.  652, 
J  taken  to  illustrate  the  cas<}  where  two  arcs  curved  in  reverse 
ODS  are  to  be  connected ;  fig.  279,  to  illustifito  that  in  which 
«8  carved  in  the  same  direction  ai'c  to  be  connected, 
d  the  pair  of  pointa  at  which  the  ores  or  lines  to  be  connected 
arest  to  each  other.  This  is  best  done  by  first  finding  two 
if  points  at  which  the  lines  to  ^ 

nected  arc  at  equal  distances 
the  pair  of  points  required 
B  midway  between  those  two 
if  pointa  Let  E  and  F  be  the 
'  points  thus  found ;  measure 
p  E  F,  then  calculate  the  futf/' 
qf  t)ie  curve  of  adjt(s(7nml  by  means  of  the  following  for- ' 
,n  which  r  and  r"  denote  the  radii  of  the  arcs  to  be  connected : — 


Fig.  279. 


i 


EI  =  FK  =  >\/{0EF^  (1:±:^)  }  ; (10.) 


H"  or  —  being  used  in  the  denominator,  according  as  tht 
ons  of  cun'aturt"  are  re-^'crse  or  simil.ar.     If  one  of  the  lines 
ccted  Ls  straight,  1  -=-  r*  is  to  be  made  =  0;  so  that  the  for- 
mes 

E  I  =  F  K  ^  n/G  EFt. (16.) 


the  cui-ve  of  adjustment  may  also  be  determined 
finding  the  two  pairs  of  points  at  which  the  dis- 
)etweeu  the  lines  to  be  connected  is  4  E  F. ) 
curve  of  adjustment  is  now  to  be  set  out  by  ordioates,  as  in 
m  IV.  of  this  Article,  p.  652. 
Stdartfement  of  Gauge  on  Curves. — lu  otAiet  \«i  sroaiiJkS* 


\ 


C56  COMBIKED  STBUCTUBEGL 

trains  to  pass  more  easily  round  curves,  it  is  the  prac 
engineers  to  make  the  gauge  about  half  an  inch  wider* 
on  straight  lines;  so  that  Rupposing,  for  example,  thai 
have  half  an  inch  of  "  ^>tey,"  or  "  clearance,"  on  stnu'^h 
will  have  an  inch  on  curves. 

VIII.  Legal  Limitations  to  the  Sluirpness  o/Curves.- 
to  the  Railway  Clauses  Consolidation  Act  of  1  t<-t5,  tl 
diminishing  the  ludii  of  curves  below  the  length  mar 
I>arliamentary  plan  of  a  railway  is  thus  limited: — if 
of  any  curve,  as  shown  on  the  parliamentary'  plan,  ex( 
mile  (2,640  feet),  it  may  be  shortened  to  any  extent  whi( 
reduce  it  below  half  a  mile ;  but  no  radius  of  such  a  cui 
shortened  to  less  than  half  a  mile,  nor  is  any  radius  six 
than  half  a  mile  to  be  shortened  to  any  extent.  These  i 
may  be  dispensed  with  by  the  Boaitl  of  Trade  upon  suffi 
being  shown. 

435.  liariBB  •»>  and  FArmaiian  of  Bnllwaya  !■  Gtmt 
ject  to  the  principles  i"espectiiig  gi-adients  and  curves  « 
been  explained  in  the  preceding  articles  of  this  section,  t 
principles  of  the  selection  of  the  course  and  the  fonuatioi 
of  railway  are  those  which  have  already  been  st{ite<l  in  Ar 
414,  pp.  G19  to  622,  and  the  other  i>ai-ts  of  thi.s  work  rcfe 
those  articles. 

The  following  principles  are  specially  applicalw' 
ways : — 

I.  The  Breadth  of  Formation  or  Base  depends  ujwnth'" 
clear  distance  between  the  rails  of  a  track,  the  nuiult-r 
the  clear  space  between  them,  the  clear  sjxice  left  outMtit 
for  projections  of  carriages  and  for  men  on  foot,  an«l  the  s 
apace  required  for  the  8loi)es  of  the  "  ballast,"  the  .>iide  i 
The  following  are  examples  (see  also  p.  784) : — 

Single  Line.  uaucc        G»uit 

rt.    In.  F:.   Ir- 

Clear  space  outside  of  rai], 40  40 

Head  of  rail, o    2J  o    :1 

Gauge, 4    84  53 

Headofrail, o    24  o    :I 

dear  space  outside  of  rail, 40  40 

Least  breadtli  of  top  of  ballast;  and  least) 

vridth  admissible  for  arcljwaTs,  &c.,  tra-.'-        13     li        13    S 

versed  by  the  railway, .', ) 

Spaces  for  slopes  of  ballast,  and  benches  f  from         3  io4>  , 

beyond  them,  on  embankments, t     to        ^^  '°kt 

T0Ul\RM&\:kk(ft\O9«C«aib*LiiknMDta,   -f'"™      Ho}      *^  " 


r"  POHMATIOll  OF  RAILWATS. 

DOITBLE   LDfE.  'omS* 

Ft  In. 

ce  oaUlde  of  rail, ..,,..^„,.,,.  4  O 

Bd  of  rail, o  2^ 

ng«. 4  si 

sdofrmil, o  3^ 

ildle  ipacs  (called  the  "  fix yee^,") 6  o 

■d  of  rail, o  2i 

nge, • 4  84 

■d  of  rail o  24 

itr  ^M  oataide  of  rul, 4  o 

■ft  breadUi  of  top  of  ballast;  and  least) 

rridth  ■dmiBsiblo  fot  arcliwayg,  &c.,  tra-  >■  24  3 

ranMd  by  the  railway...... ) 

MM  for  slopes  of  ballast  and  trenches /from  3  9) 

Mjrond  them,  ou  einbooluneuts .{     to  8  gf 

tal  breadth  of  top  of  embankments,    '.  '  ,  _,  ^V 


057 


IrUh 

Droad 

OauKC 

Ctoofie. 

FL    In. 

IX    In. 

4     0 

4    0 

0     24 

0    34 

5    3 

7     0 

0    24 

0     2| 

6    0 

6    0 

0     24 

0     2i 

S    3 

7    0, 

0     2.t 

0    24 

4    0 

4    0 

25    4 

2S  10 

4    8 

9    2 

30    0 

38    0 

I 


uttings  are  aometiinea  made  of  a  -width  at  tlie  formation  level 
J  to  that  of  the  embankments  on  the  same  tine ;  in  other  cases 
have  an  additional  width  given  to  them,  amounting  sometimes  to 
inch  as  9  feet,  in  order  that  there  may  be  the  more  space  for  the 
draiQH.  On  the  whole,  the  most  common  breadths  of  base  foi 
1  embankments  and  cuttings,  ou  uarrow  gauge  lines^  are 

•  for  single  lines,     IS  feet, 

for  double  lines,    30  feet. 

.rches  over  the  railway  are  seldom  made  of  the  minimum 
ks  shown  by  the  foregoing  tables,  except  in  the  case  of  tunnels. 
Iges  over  narrow  gauge  lines  are  usually  «f  the  following  apana  : 

•  over  a  single  line,   from  16  to  18  feet; 

ovei*  a  double  line,  from  2S  to  30  feet; 

the  same  breadths  are  applicable  to  cuttings  with  retaining 
la,  and  rock  cuttings  with  vertical  or  nearly  vertical  sides. 
L  The  Formation  Lei^d  is  from  1^  to  3  feet,  or  thereabouts, 
iw  the  intended  level  of  the  rails,  aecorditig  to  the  depth  of  the 
nanent  way  (see  Article  06,  p.  112),  and  is  marked  by  a  line  of 
e  distinctive  colour  on  the  working  section. 
II.  Side  Sloj)e, — The  formation  or  ba.se  is  sometimes  made  to 
from  tlie  centre  tow^ards  the  aide^  at  the  rate  of  about  1  in  60, 
icilitate  di^ainage. 

V.  Cross  Drains. — Where  the  nature  of  the  soil  makes  croas 

by  digging  small  trenches  ; 


I  necessaiy,  tncy  may  1 


2v 


J     JillllTS     « 

an,  ]0(,  y,^„,^  .^^ 
«"'"  "'•   fl...-  ,•..„,, 

tho  w,„If.     TJi,.  ,„ 

moHtjiry  sectiou.  J 
«f  oM-m.,-a  of  pro,« 
«nil«i„knient.s  -ui,/  • 
tt»n.si.sf..„t  wiM,  i,,^,. 

»»nulu.nt.s  I,..s.s  ,s(, 

n>"o;  «:m.hrnts  may 
A«  to  cT,n-^.s,  S.V / 

that  „f  a  prcvio„sIy  o. 
^'<Iff'NoraoroH„itou 
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snatioa  which  must  bo  given  on  the  section  of  a  proposed 
lectiog  such  alteratioDa  of  existing  lines  of  communi- 
Jready  been  refonxtl  to  in  Article  14,  pp.  14,  15,  Pro- 
nons  of  isnch  lines  should  be  sho^'n  on  the  plan,  and 
terations  of  width  noted.  But,  as  formerly  stated,  with 
Jl  matters  connected  with  the  firejiaiiition  of  purlia- 
BL"!,  reference  shoidd  be  made  i/i  the  .ftanding  ordcre  of 
fehemselves,  and  not  to  any  second-hand  account  of  their 

Dridng  sectious  of  alterations  of  existing  lines  of  oom- 
Be«  Article  66,  p.  113. 

'<  LimiUUiong  affecting  Crosmngs  o/existing  Lines  of  Con' 
D  order  folly  to  understand  those  limitations,  as  they 
9d  hy  law,  in  Britain,  the  statutes  called  "Railways' 
iBolidation  Acta"  miist  be  consulted.  The  following  is 
If  the  more  important  of  the  limitations : — 
\Cro8singa  of  public  carriuge  roods  are  not  lawful  tudoea 
f  authorized  by  the  special  act  relating  to  the  particular 
d  in  order  that  they  may  be  so  axithorized,  the  eugcineer 
ipared  to  show  caiise  for  using  them  instead  of  bridges, 
|"B  that  they  are  consistent  with  the  public  safety.  All 
Igs  must  be  provided  with  gates,  which,  in  ordinary,  are 
ihut  across  the  mad.     In  the  case  of  level  crossings  of 

t those  gates  are  to  be  cujiable  of  being  closed  across  the 
the  passage  along  the  rood  is  open ;  and  there  must 
jr  box  for  a  gatekeeper,  and  a  proper  system  of  signals. 
fridges  (us  bridges  for  carrying  roads  over  the  railway 
are  to  iiave  a  clear  width  of  roadway  between  tho 

tf  a  turnpike  road, of  35  feet, 

kr  any  other  public  carriage  road,  of  25  feet, 

^  average  width  of  the  road  between  its  fences  through- 
Ice  of  50  yai-ds  on  each  side  of  tho  centre  lino  of  the 
Sot  leas  than  35  feet  or  25  fetit,  as  the  case  may  be. 
average  width  of  the  rnad  be  less  than  the  limit  above- 
the  roa<Iway  of  the  bridge  may  be  made  of  a  width 
3i  existin<j  average  width,  pro\'ided  that  in  no  case  shall 
J  be  made  of  a  less  clear  width  than, 

x 

^  a  turnpike  road, 30  feet, 

any  other  public  carriage  road, ...     20     „ 

at  titytutnrv  j)criod  the  road  dMmIlAV>e.-«\AR\\w!L,\3Bfc 
Of  ab&ll  he  obliged  to  widetn  ttie  Ynrviiya  \o  "Jw  ^^  «« 
m&y  be. 
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For  private  roads  the  prescribed  least  width  is  12  f«et; 
may  be  altered  by  special  agreement  between  the  pro|)ne< 
toad  and  the  pixtmoters  of  the  railway. 

The  parapets  of  all  over  bridges  are  to  be  at  least  4  feet 
the  fences  of  their  approaches  at  least  3  feet  high. 

O.  Under  Bridges  (as  bridges  for  carrying  roads  under  til 
are  called)  are  subject  to  the  same  conditions  aa  to  Mridth 
way  with  over  bridgo ;  and  those  conditions  fix  the  leail 
the  arch.     Its  height  is  subject  to  the  following  condition 

For  a  turnpike  road  the  clear  headroom  is  to  be  at  Ifl 
at  the  springing  of  the  arch,  12  feet ; 
throughout  a  breadth  of  12  feet  in  the  middle 
of  the  archway,  16  feet. 

For  any  other  pvitie  carriage  road  the  clear  heiiin 
be  at  leiist, 
at  the  springing  of  the  arch,  12  feet; 
throughout  a  breadth  of  10  feet  iii  the  middle 
of  the  archway,  15  feet. 

For  a  private  road  the  clear  headi'oom  is  to  be 
throughout  a  breadth  of  9  feet  in  the  middli 
of  the  archway,  14  feet, 

D.  The  inclination  of  an  altered  road  is  not  to  be  nude 
for  a  turnpike  road,  than  1  in  30 ; 
foranyotherpublicUh^jj^20 
carriage  road,...  J  ' 

for  a  private  road^  than  1  iu  16; 

provided  that  the  undertakers  of  the  railway  - 

make  the  inclination  of  the  altered  road  v., 

"  mesne  "  inclination,  or  than  the  original  "  luc^ux  "  iu<ha 

the  road  within  a  distance  of  250  yards  from  the  fHjint 

crosses  the  centre  line  of  the  railway. 

(No  nde  is  prescribed  for  computing  the  "  mesne  "  incBB 
the  road;  but  the  following  apin^ars  U.i  \^  as  little  open  !• 
as  any  that  can  bo  devised.      Add  togetlier  all  the  ri**  •* 
falls  of  the  portion  of  the  road  in  question,  and  divide  thdr 
its  length.) 

E.  The  rules  of  the  general  act  may  l»e  Hi  «t 

particuhir  cases  by  special  enactment,  in--- 
shown;  and  in  the  case  of  crosaings  t>;  rr«»l«,< 

Way  be  Bet\\e<\  \»y  ik^^wrrckiwaX.  Vjsivwttwci  vL-^i   ^•^vpnei>)B 
lotex«  ol  \A\to  rsuWrscj. 


Idle 

I 
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P.  A  sufficient  temporary  road  mnst  be  provided  until  tbe  penna* 

,t  road  is  complete.     In  many  cases  it  is  most  convenient  to 

rert  the  road,  and  use  the  original  roadwaj   as  a  temporary 

6.  Works  in  tidal  waters  most  be  sanctioned  by  tlie  admi- 

^'  .         . 

UL  The  Least  Dimenmom  of  Utider  Bridges  are  virtually  fixed  by 

rules  above-mentioned.     The  following  are  examples,  in  whicli 

arches  are  treated  as  segmental,  that  being  the  best  form  in 

present  case.      The  rise  is  given  as  computed,  by  Mr.  Cotton  in 

work  Qn,  Railioay  Engineering  in  Ireland. 

The  power  to  make  roadways  of  less  than  the  prescribed  widths 

35  and  25  feet  in  ceitain  ciiaes  is  of  no  avail  aa  regards  under 

dgea,  or  the  abutments  of  over  bridges,  because  of  the  liability  to 

\u^  the  bridges  at  a  future  tim& 


Bridge  aadef  BaOwty  ud  orer  , 


^WttT 


frnmp*o  Pnbllo 

1    RiMd.       C«iTlag«  Road. 
Feet  Feet 


r  headroom  in  ceotie, 

Bodiiu  ofintrados, 

Tbicknen  of  arch-ring', 

Depth  of  coating  of  puddle,.... 
Depth  of  pennanent  way,  say . 


35W 

25x30 

4SO 

353 

1650 

15-53 

36-28 

2y9o 

2-SO 

2t» 

0-50 

047 

2X» 

at» 

2lS 

aoxn 

2T,XO 

aiTXj 

20-00 

tS-oo 

Total  bdght,  roadway  to  rails, 

To  allow  for  additiooal  depth  in  skew  bridges,  the> 
aboTe  heights  may  be  increased  to j 

For  iron  under  briJ^u,  the  above  heights  may  bo') 
dimlsiihcd  to f 


As  to  the   least  dtTnen^ioni  of  over  bridges,  see  Article  290, 
426,  for  an  example  of  the  dimensions  of  the  arch. 

The  clear  headroom  in  the  centre  is  usoally, {6>M  feet. 

To  this  add,  for  the  thickness  of  a  stone  arch, 2*00 

„  ,.  „  puddle  coating, 0*50 

»  ..  II  roadway, lx>o 

Total, , 19-50 

For  an  iron  over  bridge  with  flat  girders  the  dear  head-)  xA-tn 

room  may  be  reduced  to  about I  ^  ^ 

Giidcn  and  roadway,  say 2*50 

ToUd, » V-l-w* 
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Pi    i  The  platform  of  an  over  Inidge  with  iroa  girden 

either  of  a  aeries  of  transverse  brick  arches  spannini^ 
the  girdors,  which  should  be  about  5  feet  o|>:i  "  1  > 

by  tmnsvci-se  tics  saifictent  to  resist  the  thi 
cast  iroa  plates  -with  stiflening  ribs  aborw,  covej-wl  wit 
asnhaltic  concrete,  or  of  buckled  wrought  iix>n  plates, 
a  layer  of  aspholtic  concrete.     (See  Article  975,  i*.  5A5. 

In  crossing  roadways  in  and  near  populous  towns, 
ordinary  dimensions  of  bridge?  would  be  too  small,  the 
roadway,  and,  in  the  case  of  «nd»T    bridgej^    tJie  hm 
usually  tixod  by  agixiiTne-nt  with  the  local  aathoritif«. 

The  thickness  oj'tfte  ahutmenta  of  ordinary  road  bri<l2i 
of  railway  is  usually  from  1-oth  to  l-6ch  of  the  5p« 
counterforts  are  altogether  of  about  one-third  of  the  yxA^ 
abutmenta  Thu  wiag  walls  arc  TrtniniDg  walla,  ^  to 
Ai-ticlea  265  to  2G8,  pp.  401  to  407.  In  ordinuy 
thickness  at  the  ba«e  \a  from  l-4th  to  3-lOths  of  their 
about  one-half  of  that  amount  at  the  top,  dixuLuiahiiur 
scait;ements  at  tho  back  of  the  wall;  the  taoo  hM  i 
which  1  in  12  is  an  usual  valuti. 

Bridges  over  deep  and  wide  cuttings  may  have  thrue  or 

lY.  In  sekctinff  l/ie  litw  and  levels,  the  eoutjieer  • 
regard  to  the  crossiugu  of  existing  liucjs  of  aonvc^raim 
be  requii*ed,  bearing  iu  mind  that  the  earthwork  of  the 
to  those  croa'tingR,  owing  to  it8  inconvenient  attaatM 
expensive  than  that  of  the  railway  itself  Ho  sboali 
have  as  few  bridges  above  the  minimum  aixe  as  poeaihU  j 
that  view  he  should  endeavour,  a^  &r  as  posBihle^  td 
necessary  headroom  partly  by  means  of  the  deratkm  or 
of  the  iwlway  above  or  below  the  existing  road,  aod 
means  of  an  alteration  of  the  level  of  that  road. 

The  level  occupied  by  existing  lines  of  ooaveyanoe,  if 
been  well  hvid  out,  is  usually  the  most  favooiuhhs  to  « 
works;  and  for  that  reason  there  h  geuenJly  an  adr 
crossing  such  lines  on  the  level,  inde{)endently  of  the  mti 
cost  of  bridges;  but  the  choice  bet^'eeu  level  crosshigB 
must  be  n^lated  mainly  by  conaidcriug  whrili.-r  t} 
as  to  make  level  crossings  consiatent  witli  r 
comparing  tlie  cost  of  a  level  crossing  with  tii...  w  .  ..<n^ 
should  be  had  to  the  necessity  of  ha\'ing  a  gRt»>Iceepirii 
crossing, 

\Vlien  tho  level  of  an  e.xisting  road  is  to  be  lowcTDd,  iff 
must  be  taken  that  the  cutting  for  that  purpoae  oui  I»| 
drained. 
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pasBige  of  a  railway  is  a  canal }  for  it  usually  occupies  preci^y 
most  favourable  level  for  economy  of  'w«)rkii ;  its  level  caunoi  ia 
general  be  altered,  nor  can  it  be  cros>se<l  on  the  level ;  and  it  «^it 
bo  crossed  iiear  ita  ovra  level  by  meuus  of  a  swing  bridgo^ 
't  is  inconvenient  if  the  traffic  ia  great. 
iu  making  a  bridge  over  a  canal,  the  span  should  be  sufficient  to 
itaiu  the  canal  and  its  towing  jmth  without  contracting  their 
and  care  must  be  taken  in  founding  the  abutments  not  to 
turb  the  canaL  To  prevent  the  escape  of  water  it  may  be 
to  use  coffer  dams.  (Article  409,  \\  CI 2.)  The  clear 
headroom  is  usually  fixed  by  agreement ;  in  ordinary  caries  it  is  10 
feet  above  the  towing  path,  to  be  sulficicntfor  a  man  on  horseback,* 
A  passage  under  a  canal  may  be  made  either  by  tunnelling  at  a 
sufficient  dejith,  or  by  making  a  temponuy  or  permanent  diversion 
of  the  canal,  and  building  an  aqueduct  bridge;  which,  if  the 
diversion  is  to  be  temporary,  will  be  on  the  original  course  of  the 
canal,  and  if  permanent,  on  that  of  the  diversion.  Canal  and  river 
bridges  win  be  further  considered  in  a  later  chapter. 

437.  Ballut  is  that  portion  of  the  peraiaxest  way  of  a  railway 
which  forms  a  lirm  and  dry  foundation  for  the  rails  or  for  the 
deepers  by  which  they  are  Bupported.  It  ia  sometimes  distLugtiisbed 
into  laUast  proper,  or  ttnder  baUast,  which  lies  wholly  bolow  the 
aleopers  or  other  supports  of  the  rails,  and  boxing,  or  upper  ballad, 
which  is  packed  round  the  sleejjers,  chairs,  and  rails,  up  to  within 
two  or  three  inches  of  the  upper  surface  of  the  rails. 

Examples  of  the  breailth  of  the  upper  surface  of  the  ballast  have 
idy  been   given    in    Article  435,   pp.  650,  C57.      Ita   depth 
ies  in  different  lines  and  according  to  the  pisctice  of  different 
engineers ;  the  following  may  be  taken  as  its  ordinary  limits : — 


Lower  ballast, ftova 

Upper  ballast,  or  boxing,     „ 


Feet  Inches.      Feet  Incbei. 
o       9     to     I       6 

o       6     to    o      9 


Total  depth, 


3    to 


In  exploring  the  amrse  of  a  projected  railway,  the  enj 
should  give  special  attention  to  the  sources  from  which  good  " 
can  be  obttuned. 

The  best  material  is  stone,  broken  as  for  road  metal,  into  pit 
not  exceeding  6  ounces  in  weight  (see  Article  420,  p.  G37); 
the  stone  doea  not  need  to  be  so  hard  as  for  roads  j  it  is  sufficic 
it  be  of  such  hardness  as  would  make  it  suitable  for  ordinaty  bnlld- 

*  To  admii  of  a  hone  reatiag  witbaat  dugtr  to  tbe  tiiAflt,  \3.  Sjm^  dl  >aMA(twab 
aboaJd  be  aUowed. 
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ing  purpoBes.  Stone  that  decays  readily  hj  the  9ci 
moisture  ought  to  be  carefully  avoided.  In  the  abae 
of  suitable  stone,  the  slag  of  iron  works,  broken  to 
may  be  used;  or  alum-work  refuse,  which  is  shale 
consistency  of  brick ;  or  engine  ashes.  Next  Ut  bnj 
slag,  as  a  material  for  ballast,  is  clean  gravel ;  the  laq 
6  ounces  in  weight  being  broken  ^viih  the  hammer, 
sand  may  be  uised,  but  it  has  the  ULsad vantages,  that 
of  rain  it  may  be  washed  away,  and  that  in  very  dry 
blown  into  the  air,  and  damages  the  rolling  stock  by 
the  bearings  of  the  axles  and  mechanism.  In  the  a 
other  mat<'rial8,  pieces  of  clay  suitable  for  bricks  m 
until  they  are  haid,  and  then  broken  down  and  use 
As  to  the  qnalitieii  of  such  clay,  see  Article  219,  p.  36J 
The  labour  of  breaking  and  Fpreading  a  given  quani 
ia  about  twice,  or  2^  times,  that  of  excavating  the  sain 
gravel. 

438.  Sleeper*  are  pieces  of  material  which  rosfc  oa 
aa  already  stated  (being  firmly  bedded  on  it  by  me&n^ 
and  support  the  rails.  At  an  early  period  in  the  hil 
ways,  slone  blocks  were  used  for  that  purpose ;  they  wi 
3  feet  apiirt  fi-om  centre  to  centre,  and  measured,  on  1 
railways,  about  18  inches  X  12  inches  X  9  inches,  an 
worked  i-ailways,  2  feet  X  2  feet  X  1  foot;  but  they  vi 
form  too  hard  and  unyielding  a  base  for  traflSc  at  bic|i 
with  the  aid  of  pieces  of  fdt  under  the  chairs,  anot 
abandoned  in  favour  of  that  oftiinbvr  ale^pa-s. 

The  best  materials  for  timber  sleepers  are  woods  whi< 
alternate  wetness  and  dryness;  and  of  those,  the  tac 
employed  in  Europe  is  Larch.  (Article  302,  p.  44^ 
substances  have  been  used  for  the  prestnatioa  of  timi 
the  most  efficient  is  "  creosote,"  (Article  31 1,  p.  450.) 
Timber  sleepers  are  either  transverse  or  lougitudinnl. 
afford  a  ready  and  eflicient  means  of  prcH^Tviug  tho 
latter  give  the  most  equable  and  continuous  support  to '. 
Tranaverse  or  cross  deepers  are  usually  al><iiit  'J  fwt  Ii 
to  10  inches  broad,  and  from  4^  to  5  iiuli.-;  .I.^p.  i 
common  forma  of  cro&vsection  are  the  ^'  r  ai 

ang\ilar.  Semicircular  sleepers  ai-e  made  Iv  - 
two  idong  the  middle;  they  are  hiid  on  the  1 
side  down ;  on  the  upper  or  convex  side  are  cut 
two  flat  surfaces  or  "seat*,"  made  to  tit  tho  br, 
chairs  are  used,  or  of  the  rails,  if  flat-bottr :  ' 
out  chaivs-,  and  in.  those  seats  arc  Iwred  It 
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Kilar  sleepers  are  made  Ly  sawing  a  squared  log  in  two  by  a 
{ODal  cut ;  they  are  laid  with  the  right  angle  do^^iwai-da  and 
broadest  side  upwards.  The  distance  apart  at  which  cross 
rs  are  laid  ranges  from  about  2^  leet  to  4  feet  from  centre  to 
but  it  seldom  now  exceeds  3  feet,  as  wider  spans  have  been 
nd  to  cause  overstraining  of  the  rail& 

''longitudinal  sleepers  or  bearers  are  ugually  from  12  to  14  inches 
td,  and  from  t>  to  7  inches  deep,  being  made  by  sawing  a  square 
of  timber  in  two.  The  rails  may  either  have  a  continuous 
ring  on  them,  or  may  be  8u]>ported  by  chairs  at  intervals  of  30 
or  3  feet.  When  the  bearing  is  continuous  it  is  usual  to 
or  screw  a  ])lank  of  7  or  8  inches  ■wide  and  1^  inch  thick,  or 
bouts,  on  the  top  of  the  sleeper,  and  upon  this  plauk  the  base 
Lhe  rail  rests.     In  order  to  preserve  the  gauge,  the  jKiir  of 

Ridinal  bearera  of  a  track  of  rails  must  be  connected  by  means 
^■ties  at  intervals  of  alwut  5  or  G  yards.  Special  care  should 
en  that  th<^  ballast  under  the  bearers  is  not  impervious  to 
)er,  lest  they  should  ooiifme  water  in  the  middle  of  the  track, 
jongitudinal  and  cross  Blcopers  are  sometimes  combined,  the 
B  deepere  being  laid  undermost.  In  this  case  the  scantlings  of 
cross  sleepers,  are  made  less  than  when  cross  sleepers  are  used 
le,  being  usually  about  7  feet  X  7  inches  X  3^  inches. 
last  iroti  sleepers  are  used  of  various  forms.  In  Mr.  Greaves's 
m  the  chair  and  sleeper  are  cast  in  one  piece,  the  base  being 
i  an  inverted  bowl,  near  the  summit  of  which  ore  two  holes,  so 
t  ballast  can  be  put  into  the  hollow  and  rammed  from  above. 
t  gauge  is  preserved  by  transverse  rods.  In  Mr.  Samuel's  form 
rail  is  wedged  ^vifch  pieces  of  wood  into  a  sort  of  cost  iron 
Ugh  with  flat  spreading  M-ings.  Anotlier  foiin  is  simply  a  flat 
ong  plate,  with  chairs  caat  on  its  iTppev  aide;  and  a  fourth  is  an 
>ng  trough  wedged  full  of  jucccs  of  wood,  on  which  the  chairs 
K     (See  Clark  On  Jiailicaif  JIachinerTf.) 

Sd.  ttaila  aud  Chain. — The  irvin  from  which  rails  are  rolled  is 
ler  No.  1  bar  iron,  that  is,  pudtlled  bars;  or  No.  2  or  3,  that  is, 
•  iron  once  or  twice  piled,  rt^-hcated,  and  rolled,  as  the  case  may 
,  BO  that  the  rails  themselves  consist  of  No.  2,  No,  3,  or  No.  4 
iron.  Piling,  re-heating,  and  rolling  increase  the  compactness 
I  toughness  of  iron  up  to  the  fifth  time,  a«  already  stated.  (See 
l>le,  p.  511.)  A  common  practice  is,  to  nee  No.  1  iron  for  the 
Srior  of  the  pile  from  which  a  mil  is  to  be  rolled,  and  No.  2  or 
;  3  for  the  outside,  especially  the  top  or  head,  and  the  base; 
letinies  a  flat  bar  of  charcoal  ii-on  is  used  for  the  heatl,  in  order 
i  the  surface  on  which  the  wheels  roll  may  have  greater  strength 
f  t3umhiUty  than  the  rest 
b  use  in/lerior  sorts  ofiiOD  in  rails,  in  ordet  to  tiiea,\<e\si  Wvtaa.^"-* 
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rig.  280. 


felse  economy,  as  experience  has  shown ;  tlif  mils 
liable  to  spread,  split,  tuid  sciile  under  swill  and  h 

Pig.  280  is  an  example  of  an  . 
bars  to  be  rolle-d  into  a  rail ;  tho  : 

of  a  single  bar,  and  the  u;]kcr  Iats  ba 
joint. 

The  dimensions  of  tlie  pile  ran^ 
broad  by  7  deep,  to  9  inches  bnvjd  I 
its  length  is  such  as  to  tuak 
quarter  that  of  the  r»il  to  bf 
to  allow  for  waste. 

The   rail    should   be   rolled   out 
mediately  after  vrhich  it  is  to  be  cut  to  the  proper 
off  its  ends  with  a  pair  of  circnlav  saws,  a! 
Article  3G6,  p.  523.     The  ends  should  be  exactly 
ihe  length  of  the  rail. 

The  ordinary  lengths  of  rails  range  fhim  15  to  SI 
The  sectional  area  of  a  nul,  in  square  inches,  ia 
one-tenth  of  tho  weight  of  one  yard  of  its  length  in 
On  horse-worked  railways,  the  weight  of  the  niU^ 
from  28  lbs.  to  35  lbs.,  the  former  weight  being  haii| 
durability.  On  the  earlier  of  the  high  s^tecd  looi 
weight  of  about  60  lbs.  to  the  yard  was  adopted;  iH 
increase  of  the  weight  and  arp^ed  of  engines  has  rea 
a  continual  incniaao  in  the  weight  of  rails ;  so  tiM 
from  70  to  100  lbs.  per  yard,  or  thereabouts. 

As  a  general  rule,  it  may  be  stated  that  the  i(m| 
rail,  if  supported  at  isntavtils,  should  he  15  lh«.  fvf 
greuteat  toad  on  one  driving  whe^L  When  the  beoxiq 
about  five-sixths  of  that  weight  is  sufficient. 

The  head  or  top  of  a  rail  is  usually  altout  2^  iauc 
has  a  very  slight  convexity  in  the  middle,  tho  tsd 
from  5  to  7  inches.  In  laying  the  rails  they  ore  cad 
to  the  true  gauge  by  means  of  a  gauge-rod  with  ala 
the  iJToper  distance  apart.  On  straight  lim^i  ib.-  ht 
rails  should  be  exactly  at  the  same  level,  ari 
be  set  to  the  proper  "cant,"  as  aU'ead'^  ■ 
p.  649.  If  cylindrical  wheels  are  usr. 
highest  part  of  the  head  of  each  rail  bli..-ii.t  *'..  i. 
line,  or  a  lino  inclined  at  the  proi>or  cant,  an  Uie 
if  the  wheels  are  tapered,   the  r  ''  ■    ' 

towards  each  otiier  so  as  to  be  t< 
the  conical  treads  of  the  wheels. 
\'.  hi  re  c\uiii»  ttio  Msod,  by  casting  i 
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figures  adopted  for  the  cross-sections  of  rails  vaiy  with  the 
.es  in  which  they  are  gappoi-ted.     A  rail  may  be  either 

(1.)  Supported  on  the  base  and  stayed  at  the  sides,  or 
l2.\  SupiKtrteJ  on  a  broad  base  alone,  or 
(3.)  Hung  by  the  shoulders; 

d  the  bearings  may  be  either 

(A)  at  intervals  (generally  about  3  feet);  or  (B)  continuoos. 

In  figs.  2S1,  282,  283,  and  284,  the  cross-section  of  the  rail  ia  of 
llie  I-shaped,  double  T-shaped,  or  "double-headed"  figure,  at  pre- 
sent more  generally  used  than  any  other.  When  this  figure  was 
iust  introduced,  it  was  intended  that  on  the  top   becoming  too 


i: 


Fig-  2ttl. 


Fig.  as?. 


Fig.  284. 


Jig-iW. 


-much  worn  for  further  use,  the  rail  should  be  turned  upside  down ; 
but  in  general,  by  the  time  the  top  is  worn  out,  the  rail  ia  unfit  for 
farther  nac  Tlie  usual  weight  of  rails  of  this  form  is  75  lbs.  per 
jftrd,  and  their  depth  5  inches.  In  fig.  281  the  rail  A  ia  shown  as 
supported  by  a  common  cast  ii-on  chair  B  B,  which  is  pinned  , 
two  compressed  oak  treenails,  D,  D,  to  a  ci-oss  sleeper  E.  The  i 
by  its  base  or  foot  on  the  bottom  of  the  chair,  and  is 
ij  by  being  firmly  held  between  the  inner  jaw  of  the  chair 
I  ft  cnmpressed  oak  wedge  or  key,  C,  which  is  dnvea  between  the 
and  the  outer  jaw. 
The  inner  faces  of  the  jaws  or  checks  of  tho  chair  are  chilled. 
fSee  ArtJcle  352,  p.  499.)  An  ordinary  c\\a.Vi  MreA^oa  ^^:xn^b 
macb  as  one/ooi  of  the  rail  which  it  is  tntended  to  «a^\«f\.\ 
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chair,  for  supporting  tlie  ends  of  two  adj' 


third  to 


-half  heav 


id  it« 


outer 
down  'by  two  pins  instead  of  one.  Fig. 
joint-chair,  inti-oduced  by  Mr.  William  JoJi  4 

found  to  oDswer  well ;  it  is  slid  on  to  the  tuiia^  w. 
exactly. 

It  has  now,  however,  become  very  generally  the 
nect  adjoining  mils  by  the  jwli-joint;  the  ends  of 
supported  by  a  pair  of  ordinary  chaii-s,  which  thev  a 
or  15  inches,  and  being  united  to  each  other  by  « *ps» 
about  18  or  20  inclies  long,  bolted  together  thnjqj 
four  bolts.     Fig.  283  shows  in  cross-section  the  figur 
fish-pieces  are  made  in  order  that  they  may  abut  at  t 
lower  edges  ugainst  the  head  and  fc>ot  of  each  nu 
wedged  into  their  places?.     The  bolt-holes  in  the  n 
slightly  oblong  horizontally,  to  allow  for  changes  of 
and  cold,  which  may  amount,  in  ordinary  ca.ses,  to  i 
or  l-2o00th  of  the  length  of  each  mil  (p.  521). 

Fig.  28i  is  the  bracket  Jisltrjoint,  in  which  the  figl 
angle  iron,  and  answer  the  purpose  of  a  j'         '    Irl 
zontal  bases  being  bolted  down  to  a  pair  of  l 

Among  i-ftils  which  are  sup(K»rte«l  on  a  broud  Uisa 
may  be  mentioned  i\\Qfoot  rail,  fig.  285,  which  i?  Cii.< 
means  of  fang-bolts  to  longitudinal  or  ci  • 
(fig.  229,  p,  518),  and  the  Uarlovs  rail  (U . 

Bridge  rails  are  made  from  3  to  5  inchria  dw|i, 
inches  in  breadth  of  base,  and  arc  bolted  to  tlje  i4 
through  pltghtly  oblong  holes,  or  by  fang-bolts  holJi 
edgea  of  the  l«i^e.  When  supported  ou  »  o^ntimiou* 
weigh  about  05  Iba  per  yard  :  when  .suj^portod  at  iDt4! 
sleepers,  82  lbs.  fier  yartl.  In  the  latt<?r  case  rach  jfl 
by  holding  the  l>ases  of  the  two  mils  between  a  pai] 


jaws,  drawn  together  by  transverse  lx>lts  wliich 
rails.     (This  system 
used  on  Irish  lines). 


rails.     (This  system  was  introduced  by  Sir  John 


^ 


The  liarlow  rail  in  now  made  with  a  portion  of  ' 
and  horizontal,  bo  that  it  approadies   eonr  ■■ '  ■* 
bridge  shape  than  fig.  230  shows.      It  is  ni 
or  6  inches  deep  over  all,  and  weighs  from  tto  xo  n  ■ 
It  rests  directly  on  the  ballast,  vrithont  ftlcefK-rs  or  ( 
gango  is  preserved  by  means  of  cross-tics    '" 
is  in  fact  a  sort  of  lish-joint,  the  ends  of 
together  by  being   bolted  tlirouph  ■  ' 
&  feet  lon^,  which  is  a  bar  wimcwlmi 


of  supporting  rails  by  the  sfundders  of  the  enlarged 
I  is  the  most  favourable  of  all  to  steadiness,  was  practij8ed 
||«r«nty  years  ago,  with  the  shallow  T-shaped  rails  then 
■B^Worked  nulwajrsi,  by  Mr.  David  llankine;  but  it  was 
lo  the  deep  rails  employed  on  locomotive  lines  without 

Sntrivances  which  bive  only  of  late  been  invented  by 
dams, 
^presents  Mr.  Adams's  eu»pended  girder  rail,  in  which 
in-eb,  not  having  to  sustain  compression,  is  made  thinner 
khan  in  ordinary  rails,  so  that,  for  example,  a  rail  of  75 
|ttd  is  7  inches  deep.  The  rail  A  has  a  continuous  bearing 
dders  upon  a  pair  of  angle  iron  brackets,  B,  13,  whose 
y  press  against  the  ft)oi  of  the  trail,  so  tiiat  they  are 
^  the  hollow  sides  of  the  roil  by  bolts,  C,  aljout  6  feet 
kg  through  oblong  holes.  D  is  a  cross  tie- bar,  to  pre- 
Ipiuge.  The  total  breadth  across  the  wings  of  the 
^es  from  t)  to  14  inches,  according  to  the  weight  of  the 
I  those  wings  rest  directly  on  the  ballast.  The  rails 
lekets  are  laid  so  as  to  break  joint.     Another  mode  of 

[this  sort  of  permanent  way  ia   to  sub.^titute  pieces 
timber,   about  5  inches   s(juarc,   tor  the   angle-iron 

\ 

h  t«r  \Mtti\  Cr«»Miiiga  Af  Roada. — ArVhen  the  coveiing  of 

Ibroken  stone,  the  ordinary  permanent  way  of  the  rail- 
jlaid  across  it,  with  tlie  heacls  of  the  rails  rising  a^x)ut  f 
[above  the  road  metal  Switches,  points,  and  crossings 
Ibid  not  occur  on  a  level  crossing  of  a  road,  nor  should 
|k  sncli  a  cnissing  appinach  nearer  to  each  other  than 
lies,  lest  liorses  shoulil  be  injured  or  disiibled  by  their 
iWedged  between  mils,  or  the.  caidkers  of  their  shoes, 
Igr  weather,  getting  jammed  in  the  o^wnings  of  points, 
la  I'ail  crossings. 

I  of  paved  roads  also  may  be  made  with  the  ordinary 
bs  for  the  flanges  of  the  wheels  being  cut  in  the  paving- 
^ide  of  the  rails. 

%  fifiecial  form  are  sometimes  used  for  level  crossings  of 
fey  are  usually  H-formed,  the  upper  side  presenting  a 
Bit  2  J  inches  broad  and    1^  inch  deep,  between   two 

iter  of  which,  being  the  head  of  the  rail  on  which  the 
be  2^  inches  broad ;  while  the  inner  flange  may 

le  breadth  or  of  a  less  breadth,  according  as  the  rail  is 
iible  or  not. 

!•■■  and  Coanectlpiu  mt  IjIbcs  of  Roll*— Tvatcth 

'I.   The  jtaiclion  of  two  lines  of  raxis  \4  eS^t\.fc9L  cv'Ccvtx 
\  pair  of  thoao  tapering  moveaVj\c  raiAa  caWcA.  aujVld 
_^5oe  A(JdenJuiu,  |>.  785. 


n 


straight  tlie  otluT  h:is  a  ciu'vature  of  about  C 

Switches  are  made  self-acting  l>y  a  weight 
that  position  -whicli  suits  the  main  stream 
require  to  be  held  by  force  in  the  contrary  ] 
by  which  switches  are  worked  are  so  shaped 
position  can  be  distinctly  seen  from  a  consid 

It  was  formerly  the  practice  to  notch  the 
so  as  to  receive  the  tips  of  the  switches;  but 
Tinnecessary  by  the  introduction  of  an  impit> 

As  fiu-  as  possible,  switches  on  the  main  t 
way  should  point  in  the  ordinary  direction 
points,  as  those  which  point  in  the  contrar 
should  only  be  used  in  cases  of  necessity,  an<j 
sufficient  to  obviate  the  risk  of  a  train  being 
to  a  wrong  lina 

II.  A  connection  between  two  pfoallel  li 
made,  where  thei-e  is  room  enough,  by  meam 
rails  with  switches  at  each  end.  On  the  na 
of  such  a  connection  is  about  180  feet. 

ITT.  A  traverser  affords  the  most  oonvei 
ouxiages  between  parallel  lines  of  ndls  at  a  t 
there  is  not  room  enough  for  an  ordinary  ooi 
fcnm  supporting  a  line  of  ndls,  long  enough 
upon,  and  supported  on  wheels  which  roll  i 
rails  at  a  lower  leveL 

lY.  Tumtailes  serve  to  connect  lin^  of 
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'oQ  of  tkeee  sod  oUmt  nahray 
k  On  Railway  Maekutmy. 
'Movk%    for  stadons,   in  *  purely 
Uio  rnantier  in  -which  thcj  ailbct 


cuncs  and  gradients,  havo  aJreadjr  been  diwoswd  hi 

p.  Q^iH.      It  may  hurc  be  added  that  the  engmeer 

'\j  uttfud   to  the  meona  of  dnining  the   •tationB^ 

them  with  good  wat«r,  nnd  of  getting  aocves  to  thorn 

for  the  arriTol  and   departure  of  posscuKer^  and 

jgcr  pifitforms  are  fi-oni  2  to  u  '        '  '     '      1  of 

iirtj  best  uiadc  of  strong  flagsi  i  nul 

.  '  "  -,  they  ahuMld  dt^ct-Tid  gradually  to  tin  level  of 

.  nlojjes  of  aWmt  1  iu  10,  ratliij  tliaii  V'V  t^ii^hts 

flicy  iliuuld  be,  ar-  .  Mr.  Clark,  »?  '"'X-t 

I  ijscil  at  oari  sidi .  )  wheu  uijod  u  .  Ics; 

b  often   made  of  ruucL  iuialler  breadths.      'iuu  roof 

|>.«siblc,  Iks  in  one  span  over  the  whole  station  ;  if  iut<'r- 

\sar&  art*  used,   thoy  should  be   placed  iu   the   mitliile 

pl.itforniH,   and   not   ncAT   lines  of  raila  if  it  cuu  bo 

'  itover,  on  any  Rcoonnt,  be  nearer  a  lino  of  rails 

tiould  l>e  t-iikeu  tijat.  sheds  have  proper  means 

The  t'xtent  and  arrangement  of  the  station  and  ita 

ed  by  questiimM  of  tlio  amoutit  of  trafijc  and  the 

^  jconimotlating  it,  art'  foreiifii  to  the  subject  of  th« 

'For  exiimpltti  of  stations,  seo  Mr.  Clark's  article 

\yi."  iu  the  Encyc  Brii, 

:*«]T(«« — .Tlllr-PaMa — CinUlf«eauP«al>  —TeW^pTph, — 

tion  of  ciJvcrts  lai^  enough  to  be  accessible  for  pur- 

--    ■  ipes  and  water-pipes  under  a 

;  as  is  also  the  erecti'in  ol 
'  :i  mile.     Gradient-posts,  at 
■  iw  the  tlircction  and  nle  <>1 
■"^'^  ■        ^\w  at 

_ .,  JLQIt^V 
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CHAPTER  II. 

OF  THE  COLIiECriON,  CONVETANCE,   AlfD   DISTIUBt 

SEcnoN  I. — Theory  of  the  Flow  of  JFcUei;  or  « 

443.   PrcMMre  af  Water— HcaAi — ^The  laws  of 
mass  of  water,  when  at  rest,  against  any  surface  ^ 
have  already  been  explained  in  Article  107,  p.  16 

In  all  questions  of  hydraulics,  it  is  CDnvenieo 

intensity  of  the  pressure  of  water  in/eel  o/toater; 
of  the  intensity  of  the  pressure  of  a  column  of  wa 
u}X)n  its  bivse,  as  an  unit  A  pressure  so  expre 
called  &  head  of  pressure.  In  p.  161  two  valuCvS 
pure  water  at  the  temperatures  of  39''1  and  62"  i 
been  compared  with  other  units;  in  the  followi 
parison  of  the  same  sort  is  given  in  greater  d 
ness  assigned  to  pure  water  being  62-4  lbs.  per 
is  almost  perfectly  exact  at  a  temperature  of  abo 
heit,  and  near  enough  to  the  truth  for  pract 
other  temperatures,  and  is  also  a  convenient  ' 
lation : — 

CoMPAiiisoN  OP  Heads  of  Water  in  Feet,  wr 
Various  Units. 

One  foot  of  water  at  52°-3  Fahr.  =62-4        Iba  01 

»  J,  o*4333  lb-  on 

„  „  0*0295  ataia<i 

„  „  0-8823  '"'^^ ' 

/  feet 

One  lb.  on  the  square  foot, 0-016026  fooi 

One  11).  on  the  square  inch,  2-308       fed 

One  atmosphere  of  39-922  inches  1 

of  mcrcwTy, j     33  9  »» 

One  mcVv  o?  tciewixxrj  «&.  "i*^ , "^"^-'^'ikK      ■« 

One  foot  ot  a.\v  a.\.  -^t?  ,  ».xA  oti&\       ^.^^^.^^^ 
vttnoapViete, ■> N  , 

foot  o£  «veT«gp  BB».  NlttSftX,  ....        ^-^^^ 


HEAD  OF   WATER — FLOW. 

The  TOTAL  nEAO  of  a  given  particle  of  water  is  foanfl  by  adding 
Ogetlier  the  folloA^nDg  quantities : — 

The  Jicad  of  pressure,  or  intensity  of  the  pressure  oxeiiod  by 

the  particle,  expressed  in  feet  of  water. 
The  ftead  of  dei'ation,  or  actual  height  of  the  jiarticle  above 

8oni6  fixed  or  *'  datum  "  level. 

la  stating  the  pressure  or  head  of  a  particle  of  water,  it  is  usual 
tot  to  include  the  atmosp/ierie  pressure,  so  that  the  absolute  or  true 
ressare  exceeds  the  pressure  as  stated  in  the  custotuury  way  by 
be  atmosphere.  When  the  absolute  pressure  is  exactly  one  atmo- 
ihere,  the  pressure  as  stated  in  the  customary  way  is  lutthing; 
lien  the  absolute  falls  short  of  the  atmospheric  pressure  by  so 
i«ny  lbs.  on  the  square  inch,  or  so  many  feet  of  water,  the 
nstomary  mode  of  stating  that  fact  is  to  suy  that  there  are 
9  many  lbs.  on  tlie  square  inch,  or  so  many  feet,  of  vacuum. 

The  atmospheric  jiressiire,  at  the  level  of  the  sea,  varies  from 
bout  32  to  35  feet  of  water,  and  diminishes  at  the  rate  nearly  of 
pi 00th  part  of  itself  for  each  262  feet  of  elevation  above  that 

^^Hi.    T*lnM«  nmA  ITIcmb  Vel*clir  •(  Floir.  —  The   Volume   of  JloW 

^^mtAarge  of  a  stream  of  water  is  expressed  iu  units  of  Yolume 
^^bnit  of  time. 

The  most  convenient  unit  of  volume  is  the  cuhlc  foot;  but  in 

ilculations  relating  to  the  water  supply  of  towns  it  is  customary 

I  use  the  gallon. 

The  following  is  the  relation  between  those  units : — 

One  gallon  =  0-1604  cubic  foot  (being  10  lbs.  of  water) ;  and 
One  cubic  foot  =  6*2355  gallons ; 

mt  in  ordinary  calculations  respecting  water-works  it  is  sufficiently 
lociirato  to  make  one  gallon  =:  0'16  cubic  foot,  and  one  cubic  loot 
s  fi;[  gallons* 

Of  ditferent  units  of  time,  the  second  is  the  most  convenient  in 
iocbanical  calculations;  the  minute  Ls  the  customary  unit  in 
tttticg  the  discharge  of  streams;  the  liour,  the  day,  and  longer 
nriods  are  used  in  calculations  as  to  drainage  and  Avater  supply. 

The  variety  of  units  of  discJuirge  is  thus  very  great.  The  ctihie 
hot  per  second  is  the  most  convenient  in  mechanical  calculationn. 

The  mean  vdocUy  of  a  stream  at  a  given  cross-section  is  found  by 
Uviding  the  discharge,  or  volume  of  flow,  by  the  area  of  the  cr 
lection,  and  is  most  conveniently  expressed  in  feet  per  second. 

443.    CrrattM  nad  X.ca«l    relocltica. InaSTOVlcW   US    ttVfeT^    ^TCaSD 

^  Ouid  that  3ow8  ia  a  channel  in  retarded  \>y  ttvcXA.oTva^gii.Ai*'^'^ 

2x 
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material  of  tbe  clinnnel,  the  velocity  nf  tho  fluid  \aa 
I'crent  at  diflereut  points  of  the  some  crtrs^-ficctiiM,  I 
in  the  centre  and  It-aat  at  the  border.  In  open  chf 
those  of  rivers,  the  ratio  of  the  lueau  velocity  to  tht 
central  velocity  is  given  approximately  by  the  Vollowiq 
Pl-ony : — 

mean  velocity  _  greatest  velocity  +  7'7l  feet  per 
greatest  velocity""  greatest  velocity  -f-  10-2fifeotpcn 

The  least  velocity,  or  that  of  the  particles  in  oonl 
bed,  is  a^wut  as  much  less  than  the  mean  velocity 
velocity  is  greater  than  the  mean.  In  ordiaoty 
mean,  and  gi-eatest  velocities  may  be  token  as  bearing  tf 
nearly  the  proportions  of  3,  4,  and  fi.  In  very  slow 
are  nearly  as  2,  3,  and  4. 

41G.    Ciencral  PrJndrlra  of  nivadj  Fl*w. TllC  tteod^ 

mass  of  fluid,  as  distinguished  fi-oin  wnsfr-  '-  -     tion, 
kind  of  motion  in  which  the  velocity  and  of 

]»article  depend  on  its  position  jUone,  and  imt  juuitly 
and  time;  so  that  each  pailicle  of  tlie  Kories  of  {wrl 
Euccessirely  come  to  a  given  point,  assumes  a  certain 
direction  of  motion  proper  to  tiiftt  point.  It  is,  iq 
motion  of  a  pernunieat  curraU,  au  distiugviiahed  ftnctt 
varying  current,  or  that  of  a  wave. 

In  order  to  nccpiire  velocity  from  a  state  •  ' 
velocity,  a  fluid  particle  must  pass  from  a  jm 
to  a  place  of  le^s  total  head.      This  it  may  da  eithi 
descent  from  a  higher  to  a  lower  level,  or  hy  [wasing 
of  more  intense  prcssui'o  to  a  place  of  loss  in  tease 
both  those  changes  combined.     The  lots  of  h&i'F  tlT 
connected  with  the  velocity  producotl  by  the  fol  I 

I.   In  a  liquid  without  friction  the  lows  of  L- 
given  incitaise  of  velocity  is  e«|ual  to  tho  height ' 
woidd  produce  the  sjime  increase  of  velocity  in  r.  i 
in  otlier  words,  the  loss  of  head  is  equal  t..  Mn-  v   .'; 
accd&fation  ;  and  if  the  particle  starts  from  a  ^t.a.  .  i  r.*;, 
is  called  the  Jieight  due  to  Ote  velocity,  and  i^  ci^-  ii   by 
ing  formida,  where  v  is  the  velocity  in  feet  f)cr  srcond  :- 

height  in  feet  =s  t^  ^  C4'4.  ....^.»..., 


IT.  If  i"\ie  Tn<iV.\oTk.  cl  i^a'iV 


»....\..XN~  t_-.  ^-. 


.V»i 


I-OSS  OF   HEAD — HTDRAUUC  FBESSUEE. 


)f  the  channel  and  openings  traversed  bv  the  stream^  and  other 
KimuQstanoea. 

The  oombination  of  those  two  principles  may  be  thus  expressed : 

-^  h  denote  tlie  has  qf/tead,  in  feet;  then 

h  =  il  +  F)^; (2.) 

which  F  is  a  &ctor,  determiued  hy  experiment,  expre&qing  the 
roportion  which  the  loaa  of  head  by  friction  bears  to  the  height 
ae  to  the  velocity. 

The  inverse  formula,  for  finding  the  velocity  from  the  loss  of 
Maad,  IB  as  follows  : — 


.  =  8025^^^ (3) 


The  velocity  eompnted  from  a  given  height,  on  the  supposition 
hat  there  is  no  friction,  by  the  formula  v  =  8'02S  ^/h^ia  sometimes 
lalled  the  "theoretical  velocity." 

In  an  open  channel  the  loss  of  h««l  h  consists  wholly  in  dimi- 
iOtion  of  the  "  head  of  elevation,"  and  is  the  actual  J<iU  of  the  upper 
Ktr&ce  of  the  stream.  In.  a  close  pipe  it  may  consist  wholly  or 
tartly  of  diminution  of  the  "  head  of  pressure,"  and  is  then  called 
^rtual/all.     To  express  this  in  symbols. 

Let  Sj  denote  the  elevation  above  a  fixed  datum,  and 

p^,  the  head  of  pressure  at  a  point  in  the  reservoir  from 

which  a  pijje  is  siipplied,  the  velocity  at  that  point 

being  insensible,  so  that 
«,  +  /;|  is  the  total  luxtd  in  «till  water;  idso  let 
*  denol*  the  elevation  above  the  datum,  and 
p,  the  head  of  pressure  at  a  given  point  in  the  pijw,  at  which 

the  loss  of  head,  as  computed  by  equation  2,  is  h;  then 

the  total  head  at  this  point  is, 


the  pressure,  iu  feet  of  water,  is 

p  =  z^-\-py  —  z  —  h. 


.(4.) 
.(5.) 


The  pres^uro  of  flowing  water,  as  tbus  diminished  by  loss  of 
"  "   is  called  hydhacuc  peessure,  to  distinguish   it  from   the 

ire  of  still  water,  CJiUed  hydrostatic  pressure. 
In  an  open  channel,  equation  5  is  simplified  by  the  fact  that  for 
xe  upper  surface  of  the  stream,  and  all  sitrOaces  parallel  Xa  it,  K  \a 
Kiplr  =  £j  —  z;  so  thatp=sp^,  if  the  two  Y>*im^»  ^•'c^  ^"^  <£ftjM^ 
kfpths  below  the  surface. 
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FHICTIOJT    OF    WATER.  C7T 

Frieiion  or  Warrr. — The  following  are  the  values  of  the 
of  friction  F  in  the  formulro  of  Article  446,  iis  aacertaiued  by 
iment,  for  the  cases  of  most  cotnmoa  occurreace  in  pi'actice. 
Friction  of  an  orifice  in  a  thin  plate — 

F  =  0-054 (1.) 

IT.  Fndion  of  rtunUhpiecei  or  enlrawxs  fix>m  reservoirs  into  pipes. 
—Straight  cylindrical  mouthpiece,  perpendicular  to  side  of  reaer- 
ir — 

F  =  0-505. (2.) 

The  same  mouthpiece  making  the  angle  6  with  a  perpendicular  to 
the  side  of  the  reservoir — 

F  =  0-505  +  0303  sin  8  +  0-226  sin^  i. (3.) 

For  a  mouthpiece  of  the  form  of  the  "  contracted  vein,"  that  is, 
e  somewhat  bell-sba]iccl,  and  so  proportioned  that  if  d  be  its 
liftmeter  on  leaving  the  reservoir,  then  at  a  distance  d  -^  2  fi-om 
Jie  aide  of  the  reservoir  it  contracts  to  the  diameter  "7654  d, — ^the 
resistance  is  insen&ible,  and  F  nearly  =  0. 

III.  Friction  at  sudden  eidargetiients, — Let  A^  be  the  sectional 
area  of  a  channel,  discharging  Q  cubic  feet  of  water  per  second,  in 
wrhich  a  sluice,  or  slide  valve,  or  some  such  object,  produces  a 
kudden  contraction  to  the  smaller  area  a,  followed  by  a  sudden 
enlargement  to  the  area  Aj.  Let  c  =  Q  -i-  A2  be  the  velocity 
in  the  second  enlarged  part  of  the  channel  The  effective  area  of 
tbe  oriiice  a  w^ill  be  c  a,  c  being  a  co-efficient  of  contraction  of  the 
Btream  flowing  through  it,  whose  value  may  be  taken  at  -618  -j- 

1  —  -618 -j^     Let  the  ratio  in  which  the  effective  area  of  the 

channel  is  suddenly  enlarged  be  denoted  by 

r  =  A,^ca  =  |=>Y/(2-618- 1-618^.) (4.)         | 

Then  r  via  the  velocity  in  the  most  contracted  part.     It  appears      I 
that  all  the  energy  due  to  the  difference  of  the  velocities,  r  v  and  v, 
is  expended  in  fluid  friction,  and  consequently  that  there  is  a  loss 
of  head  given  by  the  formula — 

ir-iff^; («•) 

10  that  in  this  case 

F  =  (r— 1)2 (6.) 

IV.  Friction  in  pipes  arid  conduiU.^-ljii  A.\«  >iv6  waiCvsosJi  ««^ 


V 


J 


C78  uumu%w»  simu.ii. 


cfacbaad;  i  its  (•rtfar,  tbrt  is»  Ae  Icngtk  tit  ihm 
prtk  vhkk  is  in  eonuet  vitlt  thewuer;  /the  kc^^ 
t^  a»  thaxfi  is  tbefiicuoulsnifiMe;  and  far  farer- 
A  -f-  (  =  M/  then,  for  tke  firiftinn  betacMt  tiw  vi 
sdtf  office  ch*nn«4 — 

'^-^   A       »' - 

m  vhidi  the  co-efficient /kaa  tbe  foDcnring  -vsloes : — 

For  iron  pipes  fDaicj), /=0-005  (l  +  ^^— 

Tot  open  conduits  (Wei«hach),/=  0"0074  H ^ 

The  qoantitT  m  =  A  -^  i  is  called  the  "htfdratJic  on 
channel,  and  for  cylindrical  and  square  pipes  mn 
obWonslj-  one-fntrth  of  the  diameter :  and  the  same  is 
a  semicTlindrical  open  conduit,  and  for  an  open  o 
sides  are  tangents  to  a  semicircle  of  a  diameter  equal 
greatest  depth  of  the  conduit 

In  an  open  conduit,  the  loss  of  head. 


i^ 

takes  place  as  an  actual  fall  in  the  surface  of  the  wat< 
a  declintj  at  the  rate 

._h_f    «2 

*-l-m''2g' 

and  by  the  last  two  formula}  are  to  be  determined  the 
rate  of  declivity  of  ojx;n  channels  which  are  to  convey 
In  close  pipes,  the  loss  of  head  takes  place  in  the  toti 
the  ratio  i=.h  ^  lis  called  the  virtual  declivili/. 

V.  For  bends  in  circular  pipes,  let  d  be  the  diametei 
(  the  radius  of  curvature  of  its  centre  line  at  the  liend 
through  which  it  is  bent,  r  two  right  angles ;  then. 
Professor  Weisbach, 

F=^{0131  + 1-847  (^)*} 

VL  Tor  bends  \u  rtetarujular  pipes, 


LOSSES  OF  HEAD — CONTRACTION  OF  STREAM. 
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TTL  For  kTues,  or  sLorp  tarns  in  pipes,  let  i  be  the  angle  tnade 
"Ijy  the  two  portions  of  the  pipe  at  the  knee ;  then 


F  ==  0-946  sin*  2  +  2-05  ain*  : 


.(U.) 


VIIL  Summary  of  losses  of  fuad. — When  several  saocesaive 
koaes  of  resistance  occur  iu  the  course  of  one  stream,  the  losses  of 
Itead  aiTsing  from  thcin  are  to  lie  adJeil  together;  and  this  prooesa 
may  lie  extt-uded  to  cases  in  which  the  velocity  varies  in  difTerent 
parts  of  tho  channel,  iu  the  following  manner : — 

Let  the  final  velocity  at  the  cross  section,  where  the  loss  of  head 
is  required,  be  denoted  by  v ; 

lA't  the  ratios  borno  to  that  velocity  by  the  velocities  in  other 
I  of  the  channel  be  known ;  Tq  v  being  the  "velocity  of  approach" 
[Article  4'1(),  p.  676),  r^  v  the  velocity  in  the  firet  division  of  tho 
channel,  r,  v  in  the  second,  and  so  on ;  and  let  Fj  bo  the  sum  of 
"  "  the  tactors  of  resistance  for  the  first  division,  Fj  for  the  second, 
so  on :  then  the  loss  of  head  will  be — 


A  =  gjr^(l  -  rS  +  Fjri  +  Fjfi  +  i^); 
\  expre8sioD  which  may  be  abbreviated  into  the  following  t 


(15.) 


448.    C«Btrmc(i«ii   vf  SiveiiiB  Ctmb  OrUlce — Co-efllclcnf*    of  Dla- 

•Imrge. — Tlie  fact  of  the  contraction  of  a  jet  or  stream  that  flows 
from  an  orifice  has  already  been  referred  to.  It  is  caused  by  tho 
ccnvei-gence  of  the  particles  towards  tho  orifice  before  they  jiass 
throo^h  it,  which  convergence  continues  for  a  time  after  the  par- 
ticles pass  the  orifice.  The  result  is,  that  the  effedLvot  area  of  the 
orifice,  or  area  of  tho  "  cotilradt*d  vein"  which  is  to  be  used  in  com- 
puting the  discharge,  is  lees  than  the  total  aiea  in  a  proportion 
which  is  called  tlie  co-efficient  of  contraction. 

Sometimes  it  is  impoasible  to  distinguish  between  the  effect  of 
friction  in  diminishing  the  velocity  (expressed  by  1-;- i^/l -»-F), 
antl  that  of  contraction  in  diminishing  the  area  of  the  stream.  In 
such  cases  the  ratio  in  which  the  actual  discharge  is  less  than  the 
product  of  the  "  theoretical  velocity"  (Article  446,  p.  675)  and  the 
total  area  of  the  orifice,  is  called  the  co-^idejii  of  efflux  or  of  dit' 
charge. 

The  quantities  given  in  the  following  statements  and  tables  are 

Bome  of  them  real  co-efficients  of  contraction,  and  some  co-efficients 

€»f  discharge.     In  hydranlic  fonnnlte,  svich  co-effi,cieuta  are  usually 

devoted  bjr  the  symbol  c 
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In  sharp-edged  orifioes  the  firictaon  is  almost  inappredabb 
Article  447,  Case  I.) ;  in  those  wiUi  flat  or  rounded  bordea 
effects  become  seasible,  and  in  tubes  or  other  chaimels  of  i 
length  as  to  guide  all  the  particles  along  their  sides  there  ai 
contraction,  and  friction  operates  alone  in  aiminisbing  the  diachai 

In  all  the  8harp-edged  orifiee$  here  mentioned  the  edge  ii  i 
posed  to  be  formed  at  the  inner  or  up-stream  side  of  the  plate 
chamfering  or  bevelling  the  outer  side.  Were  the  inner  side  of 
plate  chamfered,  it  voiud  guide  the  stream,  and  alter  the  contzaet 
to  an  uncertain  amount 

L  Sharp-edged  dreular  ortfieea  in  flat  ftcUea;  e  =  '61 8... .(1.) 

U.  Sharp-edged  redangvlar  orificea  in  vertxeal  fiaJt  platet.— 
this  case  the  co-efficient  depends  partly  on  the  proportions  of  \ 
dimensions  of  the  orifice  to  each  other,  and  partly  on  the  propotti 
borne  by  the  breadth  of  the  orifice  to  the  charge  or  bead.  The  ( 
efficient  is  intended  to  be  used  in  the  following  formula  for  1 
discharge  in  cubic  feet  per  second,  A  being  the  area  of  tiie  osif 
in  square  feet ;  and  h  the  head,  measured  from  the  centre  of  t 
orifice  to  the  levd  qfstiU  icater. 

Q=  8'025cA  JK (2.) 

The  co-efficients  are  given  on  the  authority  of  experiments 
Fencelet  and  Lesbros  on  orifices  about  8  inches  wide.  They  lu 
not  been  reduced  to  a  general  formula. 

CO-EFFICIEKTS  OF  DlSCHABGB  FOR  RECTASOUI.AB  OainCE& 
Hetd  Height  of  OrUee-i-BrewIth. 

O'lO 

ois  ...  ...  ... 

0-20  •••  •••  "OIS 

0-25  ...  ...  HSi? 

030  ...  'S90  "Cm 

0'40  ...  "600  -636 

©•JO  ...  "fes  "623 

ofio  'ST*  "fiog  ^jo 

075  '585  "6"  <3i 

it»  '598  -eii  -634 

I'SO  '598  -eio  -632 

ax»  •000  -ei?  •631 

a's©       -eoa        -eiT       -esi 

3*50  "604  ■616  "^9 

4X»  "60s  ^is  -627 

6rco  •604  "^n  -Coi 
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■660 
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■691 

•640 

-659 
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§i 

•657 
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•654 
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•632 
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■647 
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<J7 
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The  co-efficicnta  in  the  prccediug  tabic  include  a  correction  for 
I  orror  occasioned  by  measuring  the  head  from  the  ceixtre  of  tho 
loe  instead  of  from  the  point  where  the  mean  velocity  oocui-s, 
^hich  ia  somewhat  above  the  centre.  That  con-ectiou  is  in- 
jciable  when  the  head  exceeds  3  timea  the  height  of  the  orifice, 
IXI.  iSkarp-eilfied  rectancfular  -notches  (ur  orilices  extending  up  to 
surface)  lu  Jlat  vertical  vicir  boards. — The  area  of  the  oiifice  ia 
[^d  up  to  the  levd  of  still  water  in  the  puud  behind  the  veir. 

Bt  6  =  breAdth  of  the  notch; 
B  =  total  breadth  of  tho  weir;  then 

'=''^+'ik' <3) 

ivided  b  ia  not  less  than  B  -{-  4. 

TV.  Sliarjt-edgf.d  trianffidar  or  y-sJutped  notclies  in  Jlat  vertical 
sir  boitrda  (from  experiments  by  Profesaor  James  Thomson.) — Area 
BUied  up  to  the  level  of  still  water. 

Breadth  of  notch  =  depth  X  2 ;  c  =  -595 ;  ] 

Breadth  of  notch  =  depth  X  4;  c  =  -620,  J  ' 

"V.  Partially-contracted  sharp- edged  orifice.  (That  is  to  say,  an 
rifice  towards  part  of  the  edge  of  which  the  water  is  guided  in  a 
ircct  course,  owing  to  the  border  of  the  channel  of  approach  pai*tlj 
>incidiDg  with  the  edge  of  the  orifice). 

Let  c  be  the  ordinary  co-efficient; 

n,  tho  finction  of  the  edge  of  the  orifice  which  coincides  with 

the  border  of  the  channel ; 
<f,  the  modified  co-efficient;  then 

c'  =  c  +  09  ». (6.) 

"VL  Flat  or  round-lopped  tceir,  area  measured  up  to  the  level  of 
II  water — 

c  =  '5  nea.-ly (6.) 

TIL  Sluice  in  a  rtctarupdax  channd — 
vertical;  c  =  OT; 
Indindd  backwards  to  the  horizon  at  60"*;  c  £=  0*74 ;  V  (7.) 


afc60^c^0'74;V( 
at  45";  c  =  0-8.    J 


VIIL  Incomplete  ctmtradion ;  see  Article  47T,  "Divisassv*.  \XV., 
677. 

449.   MUaehmrBB    Awn     rfrflral    Oriflcr*,    NMckcm,    «t»A    ».mV«««^ 
ben  the  height  of  an  orifice  in  the  vvrtkoV  s\tiQ  ot  li.  Tc«s*xs«rt 
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does  not  exceed  about  one-lulf  or  one-third  of  its  depth  b 
eorface,  the  head  measured  from  the  centre  of  the  oxifioi 
level  of  still  -miter  may  be  used,  without  sensible  «Tor,  to  « 
the  mean  yelocity  of  a  flow,  and  the  disdhuge  j  so  that  the 
for  the  disohaige  is 

Q  =  8-025  c  A  .yS; 

A  being  the  total  area  of  the  orifice,  and  c  the  proper  co-effi 
contraction. 

When  the  height  of  the  orifice  exceeds  abont  one-! 
the  head  of  water,  and  especially  when  the  orifice  is  i 
extending  to  the  surface,  it  is  not  sufficiently  accurate  to  t 
the  head  simply  from  the  level  of  still  water  to  the  oe 
the  orifice;  but  the  area  of  the  orifice  b  to  be  conceived  as  i 
into  a  number  of  horizontal  bands,  the  area  of  each  suci 
multiplied  by  the  velocity  due  to  its  depth  below  the  surface 
watqr,  the  products  summed  or  int^rated,  and  the  sum  or  i 
multiplied  by  a  suitable  co-efficient  of  contraction. 

To  express  this  in  symbols,  let  6  be  the  breadth,  d  h  the 
of  one  of  the  horizontal  bands,  so  that  h  d  h  ia  its  area; 
depth  of  its  centre  below  the  level  of  the  surface  of  still  w 
the  reservoir;  Aq,  the  depth  of  tlio  upper  edge  of  the  orifice, 
that  of  its  lower  edge,  below  the  same  level ;  e,  the  co-effic 
contraction;  Q,  the  discharge  in  cubic  feet  jier  second;  then 

Q  =  8025c  f^^bjT'dh.  

J  A© 

For  co-efficients  of  contraction,  see  Article  448. 
The  following  are  the  most  important  cases : — 

I.  Rectangrdar  orifice;  h  =  constant 

Q  =  8025  cX^^hU}  —  h^\  =  5-35  c  h  (h}  —  h^^ 

It  is  seldom  necessary  to  use  this  formula  in  practice ;  for 
efficients  in  the  table  by  Poncelet  and  Lesbros  (sec  p.  G^(>)  e 
hend,  as  has  been  stated,  the  correction  for  the  error  aziidnj 
using  the  head  at  the  centre  of  the  orifice  simply,  as  in  equn 

II.  Rectangular  notch,  with  a  still  pond;  h  =  constant,  h 
h^  measured  from  the  lower  edge  of  the  notch  to  the  level  < 
water. 

Q  =  8-025  c  X  ^  6/*!*  =  5-35  ehh* 


=:  (^^^  -V  -^.^^^V*^  V" 
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^e  last  ezpreauon  is  foonde^l  on  the  formnla  for  the  co-efficient 
pven  in  Article  448,  Division  ILL,  p.  681,  B  being  the  whole 
1th  of  the  weir. 


Table  op  Values  op  c  axd  5-35  c. 

i"o      o"9      0*8      07      o'6      o'5      0-4  o'3 

•67       •66       -65       -64       -63       '63       -fit  -60 

JS«>    3'38     353     3*48     342     337     33»     326  3-21 


0*25 

•595 
31S 


The  cube  of  iJie  square  root  of  t}i«  head,  h^^,  is  easily  computed  aa 
>llow8,  by  the  aid  of  an  ordinary  table  of  squarts  and  cubes :  look 
the  column  of  Bqllarol^  for  the  nearest  square  to  li^;  then  op- 
rite,  in  tlio  column   of  cubes,  "will  be   au  approximate   value 


'ft 


I.  Rectangvlar  notch,  with  airretxt  approaching  it — When 
ill  water  cannot  t;e  found,  to  njejjsure  the  head  h,  up  to,  lot  v, 
note  the  velocity  of  the  current  at  the  point  up  to  which  the  hea«l 
measured,  or  vdocUy  0/ approach:  compute  the  height  duo  to  tliat 
"ocity  aa  follows : — 

Hq  =  vS  h-  64'4; 

vn.  the  flow  is  the  difference  between   that  from  a  still    pond 
to  the  height  Aj  -\-  A^,  and  that  due  to  the  height  h^;  ao  that  it 
given  by  the  formula 

Q  =  5-35  c  b  {{h,  -f  Ao)»  —  AjH (5.) 

When  Vq  cannot  be  directly  measured,  it  can  be  computed  ap- 
>ximately  by  t-iking  an  approximate  vaJue  of  Q  from  equation  4, 
>d  dividing  by  tbc  sectional  area  of  the  channel  at  the  place  up  to 
^Lich  thf  head  is  measured  fiora  the  lower  f dge  of  the  notch. 
IV".  Trmmjular  or  y-sJmped  notcJi,  ttntl^  a  still  pond;  h^  measured 
om  the  apex  uf  the  triangle  to  the  level  of  still  water. 
Let  a  denote  the  ratio  of  the  haJ/brccuith  of  the  notch  at  any 
un  level  to  the  height  above  the  apex,  so  that,  for  examfde,  at 
level  of  still  water,  the  whole  breadth  of  the  notch  ia  2  a  /^. 


Q  =  8-025  cX~ahi^z=.  4-28  a  a  h^h 


.(6.) 


and  adopting  the  values  of  0  already  given  in  Article  448»  ^  681, 
have, 

/oros=l;  Q  =  2-Sih^\ ^^J!»  >-> 

£xra  =  2;  Qs=5'3^^-  ^^  ^"^ 
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In  the  aWnce  of  Bu£5ciently  extenai\re  tables  of 
fifth  powers,  the  beat  method  of  computing  tho  fifth  po'w4 
square  root  of  the  head  is  by  the  aid  of  logarithma 

V.  Drowned  orijicea  ai"e  those  which  ure  below  the  le 
water  in  the  space  into  which  the  water  flows  as  well  as 
from  which  it  flows.  In  such  cases  the  difference  of  the 
still  water  in  those  two  spaces  is  the  head  to  be  used  in  oqi 
the  flow. 

VI.  Drowjied  rectangular  natch. — Let  ^  and  h^  be  the 
of  the  still  water  above  tho  lower  edge  of  the  notch  at 
stream  and  down-stream  sides  of  the  notch-board  respectivi 
fuUowing  foiTuula  gives  the  flow  in  cubic  feet  per  second  ,•— 

Q  =  5-35  c  6  (a,  +  'l)  J  (Ai  —  A,.) ^. 

yn.  For  uxira  unth  broad  ^flat  crests,  drowned  or  and< 
the  formulae  are  the  same  as  for  rectangular  notclies,  exoe 
the  co-efficient  o  is  about  -o,  aa  has  been  stated. 

VIII.  Compulation  of  the  dimensions  of  orifices. — The 
the  preceding  formidse  (with  the  exception  of  eqitations  5 
can  easily  be  used  in  an  inverse  form,  in  order  to  find  the 
sions  of  orifices  that  are  required  to  discharge  given  TtJu 
wak-r  per  second. 

For  example,  if  equation  1  is  applicable^  we  haTo  for  \h» 
the  orifice, 

A  =  Q  -f.  S025  e  JhT. 

If  equation  3  is  applicable,  the  breadth  of  the  orifice  »  g 

follow^s : — 

6  ^  Q  ^  5-35  c  {h^i  —  V)- . 

If  equation  i  is  applicable,  the  depth  of  the  boUo(n  of  Um 

below  still  water  is  given  by  the  etpiation, 

hi=\Q^535cb\i; 

if  equation  6  ia  applicable, 

^  =  {Q  ^  4-28  c  o,H 

IX.  Sluices. — The  opening  of  a  slnioe  genernlly  aete  m 
angular  or'i&ce,  dtovjtxti.  ox  vtcvCkTo-KWHil  as  tho  case  tp*j  fa 
value  of  C  \)CVn^  aa  ^Nexk^va.  Ks\as^«  V\Sj,-\i.^d>V. 

450.     CfcWlVWWH***'^  •*  *^*  l»V«.>w«V  •■^'*>^K»«tf«w*  ^i  -v^ 

loss  oC  bead  V>7  a  6U\:*xa  ol  \iwa  vdwwivvs  x  \.\».  Wv^vr^bcwi^' 
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«  pipe  of  the  uniform  diameter  d  in  given  by  tlio  fullowinjj 
mla,  deduced  fix>oi  equiitioua  8  aud  10  ol"  Article  ■ilT,  by  puttiu'* 
"T-  4  for  tbe  bydraalic  nieau  depth  m : — 

*= -^  ■  ol^4  =  "^K' + 12^)  i  ■  64^  •••('•) 

from  tbj8  equation  are  deduced  the  solutions  of  the  following 
>bleras : — 

iT^   To  comjmlA  tin  dtacharr/e  of  a  given  pipe;  the  data  being  A,  I, 
intl  (J,  all  in  feet. 
For  a  roagh  approximation,  it  is  usual  to  assume  an  average 
lue  for  4  /;  say,  0-0238,     This  gives  for  the  approximate  velocity, 
feet  per  secondi, 


n  proportional  bdw«en  the  diameter  and  the  loss  of  f wad  in 
feet  of  length;   and  for  the  discharge,  in  cubic  feet  per 
}nd^  I 

Q=  •7854  vd2  =  39  a/  ^* .  rfJ,  nearly.  (2a.) 

I  Wheo  greater  accuracy  ib  required,  make  ^ 

4/=002(l+j5^); (3.) 

find  the  velocity  in  feet  per  second  by  the  formula  1 

r  =  8025Y^^^,; (4.) 

id  the  discharge,  in  cubic  feet  per  second,  by  the  formula  i 

Q  =  -7854  p  eP  =  6-3a/  ^  •  /» (4a.) 

II>   To  find  {in  ffd)  lh«  diameter  A  of  a  pipe,  ao  that  it  shall 
deliver  Q  cubic  ftxt  o/vcater  jx-r  second,  witl^  a  loa  of  head  at  the  rate 
'  h  feet  in  each  lenrjth  of  1  feet.  . 

Supposing  the  value  of  4/ known,  ■ 

^^  U9  73/J  ^  \ 
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But  4/  depends  on  the  diameter  sought.  Therefore  aa 
in  the  first  place,  an  approximate  value  for  4/  j  say,  4/'  =  4 
Then  compute  a  first  approximation  to  the  diameter  bjtbi 
lowing  formula : — 

d'  =  0-23(^-^^ {( 

From  the  approximate  diameter,  hy  means  of  equation  3  of 
Article,  calculate  a  second  approximation,  4/^,  to  the  value  oi 
If  this  agrees  with  the  value  first  assumed,  d'  is  the  true  diam 
if  not,  a  corrected  diameter  is  to  be  found  by  the  foUo' 
formula : — 


.{' 


In  the  preceding  formul«e  the  pipe  is  supposed  to  be  free  i 
all  curves  and  bends  so  sharp  as  to  produce  apprtx:iiiblo  tusi^u 
Should  such  obstructions  occur  in  its  course,  they  may  be  allowii 
in  the  following  manner : — Having  first  computed  the  diameu 
the  pii>e  as  for  a  straiEfht  cOurae,  calculate  tlio  additional  !••■ 
head  duo  to  cun-es  by  the  projMjr  formula  (Article  447,  p.  t-T" 
A"  denote  that  additional  loss  of  head ;  then  make  a  furtlur 
rectiou  of  the  diametcT  of  the  pijie,  by  increasing  it  in  the  ntio 


5/* 

By  a  similar  process  an  allowance  may  be  made  for  the  lo? 
head  on  first  entering  the  pipe  from  the  reser\"oir,  \\x,  : — 

(1  +  F)  V-  -i-  C4-4 ;  F  being  the  factor  of  friction  of  the  mouthpi 

To  the  diameter  of  a  pijw,  as  computed  by  the  fonnul* 
addition  is  commonly  made  in  practice,  in  order  to  all.'W 
accidental  obstructions,  for  the  incrustation  of  the  interior  of 
l)ipe,  drc.  According  to  some  authorities  about  ono-sixtli  if  t' 
added  to  the  diameter  of  the  pipe  for  this  purjwse ;  but  exivrit 
s(>onis  to  show  tliat  in  general  the  incrustation,  if  any,  is  of  f> 
tliickness  in  pipes  of  all  diameters  exposed  for  equal  titu-"?  t.' 
action  of  the  sjime  water;  and  therefore  tliat,  in  a  given  sT«<r 
water-pipes,  an  equal  absolute  allowance  should  W  m'a-lf 
possible  incrustation  in  pijjes  of  all  diameters.  In  ordinarv  c 
it  appears  that  about  one  inch  is  sufficient  for  that  purpose. 

451.     1ktoclM»««    mmA   IMkVMwAwBA    «t   CVa.m««la. The    nit 
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DISCnABOE  or  COAjrNEI^ 

or  river-chaunel  is  found  bj  dividing  the  loss  of  head  4 
is  all  actual  fall)  \>j  the  length  I  of  the  channel,  and  is 
d  bv  the  following  equation,  deduced  from  equation  1 1  of 
fccle  447' p.  678:— 

I 

|0&g  the  "  hydraulic  moan  depth." 
swing  problems  to  be  solved : — 
.  To  compute  the  discfuirge  of  a  given  stream^  the  data  being  t^ 
Bmd  the  sectional  orc-a  A.  The  first  stop  is  to  find  the  velocity, 
ich  might  be  done  by  means  of  a  quadmtic  equation;  but  it  is 
I  laborious  to  find  it  by  successive  approximations.  For  that 
assume  an  ajiproneinuUs  vaiue  for  the  co-efficient  of  friction, 

/=  -007605; 
ijtrst  approximation  to  the  velocity  is 


■00023 


This  equation  enables  the 


m  proportional  betuxen  tfte  hydra/ulic  mean  deptii  and  the 
\in  S,512/eet.    A  first  approximation  to  tfie  diedtarge  is 

Q'  =  t/A (3.) 

lese  first  approximations  are  in  many  cases  sufficiently  accurate. 
obtain  second  approximations,  compute  a  coirected  value  of/* 
ng  to  the  expression  in  brackets  in  eqtiation  1 ;  should  it 
learly  or  exactly  with  /",  the  first  assumed  value,  it  is  un- 
to proceed  further ;  should  it  not  so  agree,  correct  the 
of  the  velocity  and  discharge  by  multiplying  each  of  them  by 
i  factor, 

1^  3--^ (4.) 

^r  2      -01513  ^    ' 

II.  To  determine  the  dimensions  of  an  uniform  channel,  vJtich 
U  discJtarge  Q  cubic  feet  of  crater  per  aeeotid  teitJt  the  dediviiy  i 
fo    solve   thLs  problem,  it  is  necessary,  in  the  first  place,  ^to 

Pe  a  figure  for  the  intended  channel,  so  that  the  ^yroj}ortioyis  of 
dimensions  to  each  other,  and  to  the  hydi-uulic  mean  depth  m, 
f  be  £xed.  This  will  fix  also  the  pro\)orliQii  A.  ^  ir?-  t>S.  "Ocvfc 
ma^area  to  the  square  of  the  hydniulic  meaii.  dep\iJsi^"«\i\<^i.^ 
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be   known  although  those  areas  are  still  nnknown;  1 
denoted  by  n. 

[The  following  are  examples  of  the  valaes  of  n  for 
figures  of  cross-section : — 

for  a  semicircle,  n  s  6*2832; 

for  a  half-square,  n^  8; 

for  a  half-hexagon,  n  =  4  n/S  =  6-928 ; 

for  a  section  (proposed  by  Mr.  Neville)  bonnded  below  a 
sides  by  three  straight  lines,  all  tangents  to  one  a 
which  has  its  centre  at  the  water  level,  the  bottc 
horizontal,  and  the  sides  sloping  at  any  angle  i  (see  lij 


n 


4  (cosec^  +  tan 


D- 


Fig.  288. 

In  each  of  the  four  figures  mentioned  above,  m  is  one-hi 
greatest  deptL] 

Compute  a  ^rsi  approximation  to  the  required  hydrau 
depth  as  follows : — 

«'  -  (    Q'   Y- 

^  -  \8,512n«»y  ' 

also  a  first  approximation  to  the  velocity. 


Q 


V   = a 


n  tn 


'2> 


from  these  data,  by  means  of  equation  1  of  this  article,  coi 
approximate  declivity  i'.  If  this  agrees  exactly  or  very  n« 
the  given  declivity,  t,  the  first  approximation  to  the  hydrau 
depth  is  sufficient;  if  not,  a  corrected  hydraulic  mean  depd 
found  by  the  following  formula : — 


(i*^:)- 


ELEVATIOK  BY  WEm — BACKWATER. 
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452.  BI«TBllon  Prodnced  hf  m  Weir. — ^WLen    a    weir    Or   dlim    IS 

across  a  river,  the   following  formulia  serve  to  calculate  i 
»«j  height  A.,  in  feet,  at  wluch  the  water  in  the  pond,  close  bebind 
.lie  weir,  will  stand  above  its  crest ;  Q  being  the  discharge  in  cubic 
Eeot  per  second,  and  b  the  breadth  of  tbe  weir  in  feet : — 

J.    Weir  not  drowned,  with  a  flat  or  slightly  rounded  crest — 

Ai=(^)^  nearly.  (1.) 

IL    Weir  drowned. — Let  k^  be  the  height  of  the  water  in  front 
weir  above  its  crest  i 

First  ajfproximcUion;  h\^  h^+  \iis)  C^- 

Second  approximation;  h*^  =  h\  -ho  ( 1  —  t  *  p~^~r}-  (■'•) 

Closer  approximations  may  be  obtained  by  repeating  the  last 
ilciilation. 

453.  Baebwater  18  the  effect  produced  by  the  elevation  of  the 
iter-level  in  the  pond  close  behind  the  weir,  apou  the  snriace  of 

stifam  at  places  still  farther  up  its  channel. 
J'or  a  channel  of  uniform  breadth  and  declivity,  the  following  ia 
approximate  method  of  determining  the  figure  which  a  given 
vation  of  the  water  close  behind  a  weir  will  cause  the  surface  of 
the  stream  fartlier  up  to  assume. 

Let  i  denote  the  rate  of  inclination  of  the  hoUom  of  the  stream, 
rhich  is  also  the  rate  of  inclination  of  its  surface  before  being 
jltered  by  the  weir. 
Tjet  \  be  the  natural  depth  of  the  stream,  before  the  erection  of 

weir. 
Xiet  \  be  the  depth  as  altered,  close  behind  the  weir. 
Let  Ig  be  any  other  depth  in  the  alteretl  part  of  the  stream. 
It  is  required  to  find  x,  the  distance  from  the  weir  in  a  direction 
np  the  stream  at  which  the  altered  depth  J,  will  Im3  found. 

Denote  the  ratio  in  which  the  depth  is  altered  at  any  point  by 

8  -  80  =  ♦•; 

id  let  9  denote  the  following  function  of  that  ratio : — 


<'  =  /^  =  ghyp.iog.{i+^^4Tp} 


1           ,       2r  +  1 
+  -,—  arc  tan. ro— 


^3 


2t 


J^ 


J 


.(1.) 
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A  convenient  approxixaate  formula  for  eompatio^^xsi 
^nea.ly  =  ^  +  ^+_^ 


Compnte  the  values^  ^^  and  €^  of  this  fiinottOD, 
the  ration 

♦"i  =  *i  ^  ^0  "»d  'a  =  *i  -^  V 
Then 


^ 


The  following  tahle  gires  aome  values  of  ^ : — 


T 

I"I 

I '2 

I  3 
1-4 

1-5 
1-6 

1-7 


00 

•68o 
•480 
•376 
•304 
•»55 
•218 
•189 


r 

I -8 
1-9 

3-9 

a-8 
3-0 


The  firat  term  in  the  right-hand  side  of  the  formoLi  1 
tauce  back  from  the  weir  at  which  the  depth  >j  would 
the  surfaco  of  the  water  were  leveL  The  second  i 
additional  distance  arising  fix>m  the  decliWtj  of  U 
towai"ds  the  weir.  The  constant  2C4  is  an  ap])roxiinttti 
y being  the  co-efficient  of  friction.  For*  natui^i"  V  " 
2G4  the  second  term  vanishes.  For  a  steeper  . ' 
negative,  indicating  that  the  aarfaee  of  the  water  rxoca 
weir;  but  although  that  rise  really  takes  pUcft  in  w 
agreement  of  ita  true  amount  with  tli 
somewhat  tmcei-ttiin,  inofmuch  as  the  t' 
which  are  less  exact  for  steep  than  for  1 
It  is  best,  therefore,  in  coses  of  natui.. 
in  2Gi,  to  compute  the  extent  of  backwatei-  aitu|jdj 
term  of  the  formula. 

4i)i.   Sireom  of  Vaccina  CkcitoBB^ — The  prccodiilff 
mining  the  figure  and  extent  of  backwater  is  tn 
particular  caee  of  tlie  following  general  prolilcm  :— 
Via  bed  of  a  streanv,  tluj  dLwdmrgt  <^,  atnA  **  tcoj. 
am^Wn:  to  /iTid   tJw.  /orm  a»8U.m«d  \y>|  Omv  vwrfncM  ^f 
np-StrCAXQ  iiircction/rom^  UuO.  wo»»-KcUaiw 


F 
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In  tills  case  the  loss  of  head  between  any  two  cross-scctions  is  the 
aum  of  that  expended  in  overcoming  friction,  and  of  that  due  to 
change  of  velocity,  when  the  velocity  increases,  or  the  difference  of 
those  two  quantities  when  the  velocity  diminiiihes,  which  difference 
may  be  positive  or  negative,  and  may  reprcaent  either  a  loss  or  a 
g|dn  of  bead.  In  porta  of  the  stream  where  the  dil&renoe  is 
negative,  the  surface  slopes  the  reverse  way.  In  fig.  289,  let  O  Z  be 
the  vertical  plane  of  the  croas- 
wction  at  which  the  water- 
level  ia  ^ven;  let  horizontal 
abscissie,  such  as  O  X  =  x,  be 
measured  against  the  direction 
of  flow,  and  vertical  ordinatcfl 
to  the  surface  of  the  stream, 
such  as  X  B  =  «,  upwards  fi-om 
•  horizontal  datum  plane.  Con- 
ndcr  any  indefinitely  short 
portion  of  the  stream  whose 
length  is  d  x,  hydraulic  moan 
depth  m,  and  area  of  section  A. 
stream  ia  d  z,  and  the 
opposite  to  X.     Then, 


rig.  289. 

The  fell  in  that  portion  of  tho 
acceleration  —  d  v,  because   of  v  being 


dz  =  - 


vdv  ^  fd« 
32^  ^ 


m 


64-4' 


.(1.) 


In  applying  this  differential  equation  to  the  solution  of  any  parti- 
cular problem,  for  r  is  to  be  put  Q  -?-  A,  and  for  A  and  m  are  to  bo 
pat  their  viilucs  in  terms  of  x  and  z.  Thus  is  obtained  a  dif- 
tsnutial  equation  between  x  and  z,  and  the  constant  quantity,  Q, 
which  equation,  being  integrated,  gives  the  relation  between  x  and 
z.  tlit-  co-ordinates  of  the  surface  of  the  stream. 
i  "    Tlic  Tim*  •<■  KiupiTins  •»  Ke««rT#ir  18  determined  by  con- 

fe     ,  ;;  it  to  be  divided  into  thin  horizontal  layei-s  at  dJiTerent 

heights  above  the  outlet,  findirg  the  velocity  of  discharge  for  each 
layer,  and  thence  the  time  of  dischai-ge,  and  summing  or  integrating 
the  reaulla. 

Let  *  be  the  area  of  any  given  layer,  dhi\a  depth,  A  the  effective 
KKSk  of  the  outlet,  A  the  height  of  the  layer  above  Uie  outlet;  tlicn 
the  velocity  of  outflow  for  that  layer  is  C  JTi,  C  being  a  multiplier 
taken  from  the  proper  formula  in  Articles  449,  45U,  or  451.  The 
time  of  discharge  of  tho  layer  ia 

'^'  =  AC7=fc5 (1.) 

•ndifAj  be  the  height  of  the  top  water,  tiie  ^"ho\»  \m&  i&« 
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*=  AOJo    s/A 

One  of  the  most  convenient  ways  of  expreasing  iliis 
state  the  ratio  which  the  time  of  emptying  besara  to  the  titii 
chai^ging  a  quantity  of  water  equal  to  the  contents  of  the 

(that  is,  f  ^  8  d  h\  supposing  it  kept  always  fulL    Lei  t 

be  called  T;  its  yalue  isT=   MtdA-f-AO  i/^  and 
the  required  ratio  is 


tdk. 


The  following  are  examples : — 

BeHervoir  with  vertical  sides  (a  =  constant);  t  -t-  T  ^ 
"Wedge-shaped  reservoir  (*  =  constant  X  A) ;  f  -i-  T  s 
Pyramidal  reservoir,  the  beae  of  the  pyramid 
being  the  surface,  the  apex  at  the  outlot 
(«  =  constant  X/t^); I -r  T  = 


The  division  of  the  reservoir  into  layers  may  be  Ukcilii 
plan  with  contoiu^lines  at  a  series  of  diffewmt  levels. 

The  time  required  to  empty  part  of  a  ru8er\'oir  is  found  l 
puting  the  time  required  to  empty  the  whole,  and  snbtractil 
it  the  time  which  would  be  required  to  empty  the  mmainia 

The  time  required  to  eqvuilize  ihe  Itn-el  of  Ike  */xiJ(er  in  two 
ing  basins  with  vertical  sides  (such  as  loelc-cbamben  on  i 
when  a  communication  is  opened  botwoeu  •  'tirwatct 

Biime  with  that  required  to  empty  a  veri  -  .  rr 

volume  equal  to  the  volume  of  water  /.         ,      .  /  b«iwa 
chambers,  and  of  a  depth  equal  to  their  gn.'.i  r.    i    n  Jen'ijw  \ 

Section  II. — Of  the  Meamremait  and  Eriiination  of  Wt 

456.   SoarcM  er  Water  1b  Gcnerml — Bala-fitll,  T*«»l  aa^  Afi 

— The  original  source  of  all  supplies  of  water  ta  tho  r»>nAlI 

rain- water  which  escapes  cvajwrAtion  nnd  absonitun  b 

eitJior  runs  dii"ectly  from  the  surface  of  thes  gTo\. 

of  the  surface-soil  into  slrcanis,  or  it  sinks  ilr>ri 

flow*  Vihro\i^\  Wa  ctevvcea.  vi^  y^rous  stnti 

Oiit-CTO\>  m  gpringa,  ox  c«i\!tfi<AaYQ.««clb.\wp- —  ^^^.^..^  i. 

is  dnvwn  V>y  ttxcoLua  oi  wtJls. 
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be  used  for  irrigation,  for  driving  machinery,  for  feeding  a  canal, 
■  for  the  supply  of  a  town,  or  to  be  got  rid  of  as  in  works  of  mere 
rsdnage,  the  meastirement  of  the  rain-fall  of  the  district  whence 
com«-s  is  of  primary  imp<:>rtance.  To  comjilete  that  measurement 
'o  kin  lis  of  data  are  required, — the  area  of  the  district,  called  tho 
inage  area,  or  caichmeivt-haain,  or  gcUhering-fjround ,  and  the 
Bpth  of  rain-fall  in  a  given  time. 

I.  A  Drainage  Area,  or  Catchment-basin,  is,  in  almost  every  case,-* 
distiict  of  country  enclosed  by  a  ridge  or  wcUer-shid  line  (see* 

LTticle  58,  p.  93),  continuous  except  at  the  place  where  the  waters 
~  the  ha>dn  find  an  outlet.  It  may  be,  and  generally  ia,  divided  by 
ranch  ridge-linea  into  a  number  of  smaller  basins,  each  drained  by 
own  stream  into  the  main  stream.  In  order  to  meaaure  the 
rea  ofa  catchment-basin  a  plan  of  the  country  13  required,  which 
ither  shows  the  ridge-lines  or  gives  data  for  finding  their  positions 
y  means  of  detached  levels,  or  of  contour-lines.  (Article  50,  p.  95.) 
When  acatchment.-ba.siii  is  very  extensive  it  is  advisable  to  mea- 
ire  the  several  smaller  basins  of  which  it  consists,  as  tho  depths  of  ij 
lin-fall  in  them  may  be  different;  and  sometimes,  also,  for  the' 
e  reason,  to  divide  those  basins  into  portions  at  dlfFerent  dis- 
tnoes  from  the  moimtain-chaina,  where  rain-clouds  are  chiefly 
irmed. 

The  exceptional  cases,  in  which  the  boundary  of  a  drainage  area 

I  not  a  ridge-liue  on  the  sui'face  of  the  country,  are  those  in  which 

le  rain-water  sinks  into  a  porous  stratum  until  its  descent  ia 

ipcd  by  an  impervious  stratum,  and  in  which,  conseqwently,  one 

ry  at  least  of  tho  drainage  area  depends  on  the  tigure  of  the 

rfous  stratum,  being,  in  fact,  a  ridge-line  on  the  upper  surface 

that  sti-atum,  instead  of  on  the  ground,  and  very  often  marking 

e  upper  edge  of  the  outcrop  of  that  stratum.     K  the  porous 

turn  is  partly  covered  by  a  second  impervious  stratum,  the 

rest  ridge-line  on  the  latter  stratum  to  the  point  where  the 

irous  stratum  crops  out,  will  be  another  boundaiy  of  the  dminage 

In  order  to  determine  a  dminage  area  under  these  circum- 

nces  it  is  uecefisaiy  to  have  a  geological  map  and  sections  of  the 

"ct. 

II.  The  Depth  of  Bain-Jall  in  a  given  time  varies  to  a  great 
nt  at  different  seasons,  in  different  years,  and  in  different  places. 

e  extreme  limits  of  annual  depth  of  rain-fall  in  different  parts  of 
0  world  may  be  held  to  be  respectively  nothing  and  150  inches. 
c  average  annual  depth  of  rain-full  in  different  parts  of  BvvWisx 
from  22  inches  to  1 40  inches,  and  ^e  \eaa\i  OTsioxixiJ^  \«^J^ 
led  in  Britain  is  ahout  15  inches. 

miii-fnU  in  diniront  part.s  ofa  given  covmlv^  Va/vo.  \ff!»si 
la  those  districta  which  lie  towards  tYie  c^usvi^x  iccrttt-'*^ 


rt^ion;  mil  iiuuui  iiiui  iq 

k'owunl  Bide  of  the  mouutj 
miuict  amao  maj'  bo  osci-ibflj 
hi  niountaiDous  than  in  ilaij 
high  moutitaiu-BUDimits  thl 

The  elevation  of  the  k 
not  appear  materially  to  > 
Hon  is  an  usual  accomf 

A  vast  amount  of  dot 
tlie  depth  of  r&ia-fkU  in  d| 
there  does  not  yet  exist  onlj 
of  the  miu-Ml  in  a  given  cH 
direct  observatiou.  | 

The  most  important  datftj 
given  district,  for  practical 


(1.)  The  least  annaol  nui 
(2.)  The  mean  annual  rai 
(3.)  The  greatest  annual 
(4.)  The  distribution  of 

especiallj,  the  longest 
(5.)  The  greatest  AckmI  ] 

abort  period. 

The  order  of  impoitanoe 
the  proposed  work.     If  it 
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^  station  yrbere  the  radn-SEdl  baa  been  observed  for  a  long 
t  of  years,  and  iirum  them  ascertain  the  longest  drought,  and 
Ote  the  mean  anuual  rain-fall  at  that  station^  the  greatest  and 

felual  rain-full,  tbc  greatest  flood  rain-fall,  &c  The  station 
on  may  he  called  the  "  standard  station." 
Establish  rain-gaxigcs  in  the  district  to  be  examined,  at  places 
may  be  called  the  "  catchment  stations,"  and  have  them 
Ted  daily  by  trustworthy  persons,  taking  care  to  obtain  a  copy 
;e  records  of  the  observations  made  at  the  same  time  at  the 
lard  station ;  and  let  that  series  of  simultaneous  obaer\'ations 
uried  on  as  long  as  jiossible. 
)  Compute  fit)m  those  simnltaneons  obs^rations  the  propor- 

bome  to  the  i-ain-fall  at  the  standard  station  by  the  rain-fsill 
e  same  time  at  the  several  catchment  stations ;  multiply  the 
est,  least,  and  mean  annual  depths  of  rain-faU,  the  greatest 
,  iic,  at  the  standard  station  by  those  proportions,  and  tho 
ta  •wiU  give  probable  values  of  the  corresponding  quantities  at 
Ktchmeut  stations;. 

e  positions  of  the  catchment  rain-gauge  stations  must,  to  a 
derable  extent,  be  regulated  by  the  practicability  of  having 

observed  once  a-day ;  but  they  should,  as  far  as  practicable, 
itributed  uniformly  over  the  gathering-ground.  If  it  consists 
aumber  of  branch  basins,  then?  should,  if  possible,  be  one  or 
rain-gauges  in  each  of  them.  If  it  is  bounded  or  traversed  by 
hills,  some  gauges  ahonild  be  placed  on  or  near  their  summit«, 
tthers  at  different  distances  from  them. 

ch  rain-gauge  should  be  placed  in  an  open  situation,  that  it 
not  be  screened  by  rocks,  walls,  trees,  hedges,  or  other  objects, 
louth  should  be  as  near  the  level  of  the  ground  as  is  consistent 
security.     It  may  be  surrounded  with  an  opea  timber  or  wire 

to  protect  it  from  cattle  and  sheep. 

rain-gauge  for  nse  in  the  field  consists,  in  general,  of  a  conical 
jl,  with  a  vertical  cylindrical  rim,  very  accurately  formed  to  a 
ribed  diameter,  such  as  10  or  12  inches,  and  a  collecting  vessel 
le  water,  usually  cylindrical,  and  smaller  in  area  thau  tho 
h  of  the  fuuucL  If  this  vessel  is  to  be  used  as  a  measuring 
I  aUo,  the  ratio  of  ita  area  to  that  of  the  mouth  of  the  funnel 
orately  ascertained,  and  the  depth  at  which  the  water  stands 

is  shown  by  means  of  a  float  w^ith  a  graduated  brass  stem 
I  above  the  mouth  of  the  gauge.  Sometimes  the  rain  collected 
asured  by  being  poured  into  a  graduated  glass  measure,  which 
bserv'er  carries  in  a  case.  The  most  accurate  method  of  gra- 
Dg  the  measure  ia  by  putting  known  weights  of  water  into  it, 
Htrking  tlie  height  nX  which  they  stand  l«s  ic«xsoavmEti$vRA^\s^ 
iafcoii  ID  hia  ^ji^ineering  Fielcl-WorkY    l3np«dtSTO3MV% 


4 
4 


i 


i 
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process,  the  weight  of  a  cubic  inch  of  pore  water,  at  G2°  Tth 
be  taken  aa 

252-6  grains* 

The  glass  measure  may  either  be  gradoated   to  cubic 
vhich,  being  divided  by  the  area  of  the  funnel  in  squaro 
■will  give  the  depth  of  rain -fall  in  inches;  or  it  may  be  gw 
to  show  at  once  inches  of  nuD-fall  in  a  funnel  of  the  areii  em 

Observations  of  rain-fall  in  the  field  are  usually  recorded 
decimal  places  of  an  inch. 

It  may  be  stated  as  a  result  of  experience,  that  the  proporl 
the  least,  mean,  and  greatest  annual  rain-fall  ut  a  given  spot 
lie  between  those  of  the  numbers  2,  3,  and  4,  and  those  of  tb 
bers  4,  5,  and  6. 

III.  The   Available  Rain-fall  of  a  disti'ict  ia  that  put 
total  i:ain-fall  which  remains  to  be  stored  in  reservoirs,  or 
away  by  streams,  after   deducting  the  loss  thi-ough  eMftp< 
through  {)ennanent  absorption  by  plants  and  by  the  ground^ 

The  proportion  borne  by  the  available  to  the  total  raiieia] 
very  much,  being  affected  by  the  rapidity  of  the  raiu-fall 
compactness  or  porosity  of  the  soil,  the  steepness  or  flatma 
ground,  the  nature  and  quantity  of  the  vegetatioa  opoo 
temperature  and  moisture  of  the  air,  the  existence  of 
drains,  and  other  circumstances.     The  following  are  examp 


Tocii 


Gioond. 


Steep  surfaces  of  granite,  gneiss,  and  s]at«,  oDaxly  i 

Moorland  and  hilly  pasture, fnmi    -8  to 

Flat  cultivated  country, from    "5 

Chalk, o 

Deci>seated  springs  and  wells  give  from  '3  to  *4  of  |] 
raiu-falL 

Such  data  aa  the  above  may  be  used  in  rouglilj  estamai 
probiible  available  rain-fall  of  a  district;  but  a  much  mofoi 
and  satisfactory  method  is  to  measure  the  actual  dischai^ 
streams  at  the  same  time  that  the  rain-gauge  observmtiodas  aC 
and  so  to  find  the  actual  proportion  of  available  to  to4«I  nil 

4d7.    — Tirrniriil  imil  riilniniinn  rf  1>T  flT-T  tfttH%nwt» 

*  Tliii  U  deduced  from  vVa  ^«.W  already  g)v«n  to  p.  161  for  tlu  w^cta  i 
foot  u(  pMTT   -vr&Xcr  Kt.  &*£?   TmYt    -^t  ,  'i'7-''i'i^  'frn    TT-ArlmnyJa  ^  jj   iJM1 

»uu "lit  bttX  •JuMSi  »>»ottdwA, 


metlioda  of  measaring  the  discharge  of  a  stream — by  weir- 
3,  by  cmrout  meters,  and  by  calculation  from  the  dimcusions 
declivity. 

I-.  The  use  of  Wdr-gaugea  is  the  most  accurate  method,  but  it 
«*.pplifable  to  small  streams  only.  The  weir  is  constructed  across 
3=  fctream  so  as  to  dam  up  a  nearly  still  pond  of  water  behind  it, 
liich  the  whole  flow  of  the  stream  esaipes  through  a  notch 
(■  suitable  sharp-edged  orifice  in  a  vertical  plate  or  board,  the 
FatiOQ  of  still  or  nearly  still  water  being  observed  on  a  vertical 
in  the  pond,  whose  zero-jjoint  is  on  a  level  with  the  bottom  of 
[notch,  or  with  the  centre  of  a  round  or  rectangular  orifice.  For 
laws  of  the  discharge  of  water  through  vertical  orifices,  see 
Article  449,  p.  681. 
Fur  streams  of  very  variable  flow,  it  appears  from  the  experi- 
1'  Zltlr.  James  Thomson,  that  the  right-angled  tiiangular  notch 
■ost  form  of  orifice  (see  Reports  ofi}\s  lirituh  Associalicru,  for 
|1),  as  it  measures  large  and  small  quantities  with  equal  preci- 
,  and  has  a  sensibly  constant  co-efficient  of  contraction.  Where 
»ne  such  notch  is  insuiEcient,  he  recommends  the  use  of  a  row  of 
lem.  The  pond  may  have  a  flat  floor  of  planks,  on  a  level  with 
le  bottom  of  the  triangular  notch. 
"When  orifices  wholly  immersed  are  used,  round  or  square  holes 
the  best,  because  their  co-efficients  of  contraction  v^aiy  less  than 
r  oblong  holes  (see  p.  680).  If  one  round  or  square  hole  is 
i^nt,  a  horizontal  row  of  them  may  be  used. 
A  wcir-gaugo  should  be  placed  on  a  straight  part  of  the  channel, 
[because  if  it  is  placed  on  a  carved  part  the  rush  of  water  from  the 
[outlet  may  undermine  the  concave  bank  of  the  stream.  To  jire- 
[vent  the  weir  itself  from  being  undermined  in  front,  the  bottom  of 
I  the  channel  below  the  outlet  should  be  protected  by  an  apron  of 
(boards,  or  a  stone  pitching,  or  by  carrying  the  water  some  distance 
forwanl  in  a  wooden  shoot  or  spout,  placed  so  low  as  not  to  drown 
I  ADy  part  of  the  outlet. 

Stream-gauges  ought  to  be  observed  once  a-day  at  least,  and 
loiWner  when  the  flow  of  the  stream  is  in  a  state  of  rapid  varia^ 
I  tioD,  as  it  is  during  the  rise  and  full  of  floods. 

II.  By  Current  Meters. — In  large  streams  the  flow  can  in  general 

IIj*  measured  only  by  finding  the  area  of  cros-s-section  of  the  stream, 

'jncasiuing  by  suitable  instruments  the  velocities  of  the  current  at 

various  points  in  that   cross-section,    taking  the  mean  of  those 

velocities,  and  multiplying  it  by  the  sectional  area.      The  most 

convenient  infltnmient  for  such  measurementa  o£  "seVocvX.^  ve.  o.  wssi^ 

Tvvolrlng  fau,  on  whose  axis  there  ih  a  scycvj,  ^\iA<^\  ^vvN^a 

i/n  of  wbeci-work,  carrying  indexes  that  record.  \\ie  tvwvs^^" 

ide  in  «  given  time.     The -wbolo  u.^V*-'"^'*'^^^" 
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459. 


Tho  discharges  in  the  upper  qaarter  of  the  list  are  to  be  ccmafi 

'  asjloods.  I 

For  oich  of  the  flood  discharges  thus  dtstingnished  snhstitnte  tbi 

of  tJie  middle  half  of  Uns  list,  and  take  the  mean  of  tb^ 

list,  as  thus  modified,  for  the  ordinary  or  average  diaduurgU 

OM  ofjlood-uMlera.  1 

appeal's  that  the  ordinary  discharge,  as  computed  by  thq 

iL-tbod  ia  a  number  of  examples  of  actual  streams  in  hilly  distric 

from  one-third  to  one-fourth  of  the  mean  diteharge,  ineludi. 

t;  being  a  result  in  accordance  with  those  anived  at  hj  enj 

who  have  distinguished  floods  from  ordinary  di8chai;ge8 

best  of  their  juclgmont,  without  following  ruleSi 

Mnumremtrnt  of   Flow   !■    PIpca. — The    WcU^     MetOTB, 

iraents  for  mcasm-ing  the  flow  in  pij)es,  now  commonly 
•y  be  divided  into  two  classes — ^piston  meters  and  wheel  metenkl 
piston  meter  u  a  small  double-acting  wutcr-prrssure  ongii 
tJrivcn   by  the  flow  of  water  to  be  measured.     That  of  Me 
Chadwick  and  Frost  records  the  number  of  strokes  made  by  tl 
3n,  each  stroke  corresponding  to  a  certain  volume  of  wnt 
\t  of  Mr.  Kennedy  is  so  constructed  that,  by  means  of  a  rack  ' 
n-rod  driWng  pinions,  the  distance  traversetl  by  tlie  pist 
I'd  by  a  train  of  wheel- work,  with  dial-plates  and  indexe 
An   example  of  a  wheel  meter  ia  that  of  Mr.  Siemens,  being  i 
BHi-ilI  I'lX'tction  turbine  or  "  Barker's  miU,"  driven  by  the  flow.     Tl 
Its  are  recorded  by  a  train  of  wheel-work,  with  dial^plat 
Mii  <ii'i(xe& 

Another  example  of  a  wheel  meter  is  that  of  Mr.  Gorman,  bei 
i»  --nail  yan  turbine  or  vortex  wheel  driven  by  the  flow,  and  drii 
■       indexes  of  dial- plates. 

rhe  ordinary  errors  of  a  good  water  meter  are  from  ^  to  1  , 
cent> ;  in  extreme  cases  of  variation  of  pressure  and  speed  erroai 
may  occur  of  2^  per  cent. 

The  value  of  the  revolutions  of  a  wheel  meter  should  be 
tained  experimentally,  by  finding  the  number  of  revolutions 
ciuring  the  filling  of  a  tank  of  known  capacity. 

For  descriptions  of  several  kinds  of  water  meters,  see  the  Tranti 
^aeHona  oft/ie  Itistitulion  of  Mechanical  Sngimeenfor  185C. 


Sectioit  ni. — Of  Store  Eeaervoirt. 


I  resen 


460.   Parpaam  BBd  CnpKcltr  mt  Store  BcmstoIi*. — A  storo  ' 

'voir  is  a  place  for  storinnf  water,  by  retaining  the  exoeas  of  nua-fiil 

r'n  times  uf  Hood,  and  Jetting  it  off  by  degrees  in.  \iuaie&  ol  ^rwv^ 

Je  c/Taete  one  or  more  of  the  following  purposes '. —  j 
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To  prevent  damage  hy  floods  to  the  conntey  bekyv  ib» 

To  prevent  the  evil  consequences  of  droagfata. 

To  increase  the  ordinary  or  available  flow  of  a  itreUD  1^1 
to  it  the  whole  or  part  of  the  floo<l-waterR. 

To  enable  water  to  be  diverted  from  a  stream  wHlioni&B 
the  "ordinaiy"  or  "avci«ge  summer  flow,"  as  defiaedil^ 
458,  p.  698. 

To  allow  mechanical  impurities  to  settle. 

The  available  capacity  or  glorage-room  of  a  reeenrmr  it  fbi 
contained  between  the  highest  and  lowest  wovidug  ««U 
and  is  less  than  the  total  capacity  by  the  volume  of  the  qao 
the  lowest  working  water-level,  which  is  left  «s  a  jtii* 
collection  of  sediment,  and  which  is  either  kept  always  foO, 
emptied  when  it  is  absolutely  necessary  to  do  so  for  pBt 
cleansing  and  repair.  It  is  impossible  to  lay  down  an 
rule  for  the  volume  of  tbe  space  so  left,  or  "bottom"  as  H  I 
but  in  some  good  example  of  artificial  reservoiia  it  oooBfi 
one- sixth  of  the  greatest  depth  of  water  at  the  deepest  pM 
reservoir. 

Tbe  absolute  storage-room  required  in  a  reservoir  is  rep 
two  circumstances : — the  danand  for  water,  aad  th«  exietil 
the  supply  fluctuates. 

The   demand  is  usually  a  certain   uniform   qaantitj 
Experience  has  shown  that  about  120  daya*  demaiki  b 
storage-room  that  has  ])rovod  stiflioieut  in  the  climate  of 
in  some  cases  it  has  proved  insufficient ;  and  evea  a  stoci^ 
140  days'  demand  has  been  known  to  fail  in  a  very  diy  at 
oousoquentl;   some   engineers  advise   that   eveiry   store 
should  if  ]K)ssiblo  contain  six  numUia  (Unuuvi, 

Prom  data  respecting  various  exi«t;-  •  --■ — roirs  aad  p 
grounds,  given  by  Mr.  Beardmore  (  -   TaHtsS,  it 

that  the  storage-room  varies  ynmi  o^ic-uicrL*  w  vn«-iuifjtffi 
able  annual  rain-faU, 

The  beet  rule  for  estimating  the  available  capadtr  roqv 
store  reservoir  would  probably  be  one  fuunded  upon  tak 
account  the  supply  as  well  as  the  demand.     For  "Tninrlt- 

180  days  of  the  cjocesa  of  the  daily  demandy  ciAom  tAe  Im 
'^PP^ifi  ^  ascertained  by  gauging  and  oomputatioa  in  Um 
described  in  the  preceding  section. 

In  order  that  a  rcseivou*  of  the  capacity  prescribed  hf 
€»ding  rule  may  be  cflicnent,  it  ia  essential  thai  the  A 
'-ain-/aU  ot  VW  ^\.\i€cvQ%-igraund  altoold   bo 
t/wt's  d«nvond/ar  woUt. 

'J  t\ie  ra.^ctvnft^Q^'^^  ^  «"S?\?V^  ^  ?^^ 

'to  ^Sie  owerokj*  o.\H>,UnfcX«  omumoX  Twoik^jdOL. 


•'  -^fheUnci/  of  available  min-fall  below  such  average,  wUetlier 

I  to  oue  year  or  extending  over  a  series  of  years,  must  be 

L:ii-uiied,  and  an  addition  equal  to  such  deficiency  made  to  the 

6«3rvoir  rc>oni;  but  it  is  in  general  safer,  as  well  as  less  expensive, 

extend  the  gathering-gn^uud  ao  that  the  least  aimuiil  supply  may 

*5UlBcient  for  the  demand. 

"-fc-'he  foregoing  princijjles  as  to  capacity  have  reference  to  those 

iSacis  in  which  the  water  is  to  be  used  to  supply  a  demand  for 

tter.     When  the  sole  object  of  the  reservoir  is  to  prevent  floods 

■the  lower  parts  of  the  stream,  it  ought  to  be  able  to  contiuii  the 

irtained  greatest  total  excess  of  the  available  rain-fall  during  a 

»n  of  flood  aljove  the  greatest  discharging  capacity  of  the  stream 

>tifli«tcnt  -with  freedom  from  damage  to  the  country. 

4G].  Braerroir  Sites. — In,  chooriing  the  site  of  a  reservoir,   the 

r  has  three  things  chiefly  to  consider:  the  elevation,  the 

ration  of  the  ground,   and  the  materials,  especially  those 

"Whjch  will  form  the  foundations  of  the  embanloueat  or  embank- 

'  metitf*  by  which  tho  water  is  to  bo  retained. 

L  Tho  Elevation  of  the  site  must  at  once  be  so  high  that  from 

the  lowest  water-level  there  shall  be  sufficient  fall  for  the  jtipcs, 

I  conduits,  or  other  channels  by  which  the  water  is  to  be  discharged, 

)an<l  at  the  same  time  so  low  that  there  shall  be  a  sufficient  gather- 

I  inc-ground  above  the  highest  water-level 

1  11.  The  CoTiJigwration  of  the  Ground  best  suited  for  a  i-cservoir 
Lflite  is  that  in  which  a  large  basin  can  be  enclosed  by  embanking 
Acroa  a  narrow  gorge.  To  enable  tho  engineer  to  compare  such 
fiitcB  with  each  other,  and  to  calculate  their  capacities,  plans  with 
1  frequent  contour-lines  are  very  useful  (Article  69,  p.  95),  or  in  the 
Absence  of  contour-lines,  numeroxis  cross-sections  of  the  valleya 
^  water's  edge  of  the  reservoir  is  itself  a  contour-line.  After  the 
ite  of  a  reservoir  has  been  fixed,  a  plan  of  it  sliould  bo  prepared 
ith  contour-lines  numerous  and  close  enough  to  enable  tho 
[engineer  to  compute  the  capacity  of  every  foot  in  depth  from  tlie 
lowest  to  the  highest  water-level,  so  that  when  the  reservoir  is  con- 
[  structed  and  in  use,  the  inspection  of  a  vertical  scale  fixed  iu  it 
may  show  how  much  water  there  is  in  store. 

Care  should  be  taken  to  observe  whether  the  basin  of  a  projected 
reservoir  site  luts,  besides  its  lowest  outlet,  higher  outlets  tlnx)ugh 
■which  the  water  may  escape  when  tho  lowest  outlet  is  closed, 
I  onless  tbey  also  arc  closed  by  embankmenta. 

The  figure  of  the  ground  at  the  site  of  a  proposed  reservoir 
1  enibankmenb  must  be  determined  with  care  and  accuracy,bY  roftJtvw^ 
not  only  a  longitudinal  section  along  the  centre  \me  o^  "t\v.e  cvsJowciL- 
mout  (which  section  will  be  a  cross-section  aa  tc^x^  xJu'^ni^'^ 
tifuieeyenU  cross-sectioaa  of  the  site  of  the  Cfia\»XJikvxx*i\v\,,"W^c!tt 
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be  at  right  angles  to  the  longitudinal  section,  tiiijt  x  lii.n- 
special  n;ason  for  placing  them  otherwise.  One  mi"  ibfN 
scctiona  of  the  cml>ankment  site  should  nin  aJoug  tin-  cxiural 
existing  outlet  of  the  rt'senroir  site  (usually  :«  slrcoxu),  and 
along  the  course  of  the  intended  outlet  (usuall  j  »  cairert 
one  t)r  more  pipes). 

in.  Material, — The  materials  of  the  site  of  the  intended 
ment  should  be  either  imjiervious  to  water  or  capftblo  <d. 
easily  removed  so  far  as  they  are  pervious,  in  order  to  leaTe  a 
tight  foundation;  and  their  nature  is  to  be  »9c<3tKtned  by 
and  trial  pits,  as  to  which,  see  Article  1  l,  and  Artk 

p.  598  ;  and,  if  necessary,  by  mines.    (At  j,  p.  fi'Kl.)    ly 

coses  it  is  not  sufficient  to  confine  thia  examination  to  tlw' 
the  embankment ;  but  the  bottom  and  sides  of  the  reservoi] 
must  be  examined  alsoj  in  order  to  ascertain  whether  they 
contain  the  outcrop  of  porous  strata,  vhich  msj  coadnct 
impounded  water.  The  best  material  for  the  foandataon  of 
voir  embankment  is  clay,  and  the  next,  compact  rock  Uti 
fissures.  Springs  rising  under  the  base  of  the  ''"^nkmrrt 
be  carefully  avoided. 

The  engineer  should  ascertain  where  earth  is  to  be  fi 
able  for  making  the  embankment,  and  especMUj'  day  fit  for 

4G2.  i.and  Awaah  means  land  which  lies  Bear  the  vaat^ 
reservoir,  at  a  height  not  exceeding  three  feet  abore  the  top 
level,  and  whose  drainage  is  consequently  injured  The  no 
of  the  reservoir  are  sometimes  obliged  to  purefaaao  ondi  bai 
boundary  is  of  course  a  contoar-line. 

463.    C«iiainiCti«a  af  BcacrrwCr  S mlmakM  f  m^ — I.    Qmerol  * 

and  Dimensions. — A  rt>servoir  embankment  rieus  at  least 
'above  the  top  water-level,  and  in  some  cases  4,  G,  or  even  101 
lias  a  level  top,  whose  breadth  may  be  in  ordinary 
third  of  the  greatest  height  of  the  embankment ;  the  oatar 
that  furthest  from  the  water,  may  have  an  iiicUnatioia  reaaki 
the  stability  of  the  material,  such  as  1^  to  1,  or  2  to  1 ;  tha 
slope,  or  that  next  the  water,  is  always  made  flatter,  ita 
mon  inclination  being  3  to  1. 

II.  The  Setting-out  of  the  boundaries  of  the  embttnknMBi  < 
pround  (see  Article  67,  p.  113)  is  to  be  pw-formed  with  graU 
by  the  aid  of  the  cross-sections  already  Tueiitioned  txi 
article.  The  following  method  also  has  been  fotind  ooaToa^ 
piiW-.i.io  '^J'tmtions.  On  tlie  side  uf  the  valley,  at  ooc  end  of  tl 
I"  inkment,  erect  upon  props  a  wooden  tail,  with  Urn 

p<l:.,  ',,f,nrrnrta?.n-  •—"  —  ■••'--:'•■-     ■^•'     xloMtfr 

-Mir      At      .,_.,...  ,.;. .,:    ,:  '^ 
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Dtly  in  the  plane  of  tlie  dope  to  be  set  out.     A  row  of  pegs 

iged  from  the  sight  so  as  to  mark  points  OQ  the  ground  in  a  line 

ith  the  upper  edge  of  the  rail  will  give  the  foot  of  the  slope. 

The  same  raU  (with  two  different  eights)  may  be  used  to  set  out 

alopes,  if  its  upper  edge  coincides  witli  their  line  of  inter- 

jn.     Let  the  inner  alope  be  s  to  1,  the  outer  «'  to  1,  the  breatlth 

je  top  of  the  emlmnkment  b ;  then  the  height  of  that  line  of  ia- 

:tion  above  the  top  of  the  embankment  is, 

6-(«  +  0; (1) 

its  horizontal  distance  outwards  £rom  the  centre  line  of  the 
lent  is, 

J  (»  -  «0  -  2  («  4-  «■) (2.) 

instrument  consisting  of  a  bar  with  two  sights  capable  of 
ig  about  an  axis  adjiisted  so  as  to  be  perpendictdar  to  the 
to  be  ranged  has  been  used  for  the  same  purpose. 
Preparing  the  FouTtdaHoiu — The  foundation  is  to  be  pre- 
by  stripping  off  the  soil,  and  excavating  and  removing  all 
E>ns  materials,  such  as  sand,  gravel,  and  fissured  rock,  uutil  a 
apact  aud  water-tight  bed  is  racked.* 

[V.  The  Culvert  for  the   outlet-pipes  is  next  to  be  built   in 
lent  or  strong  hydraulic  mortar,  resting  on  a  base  of  hydraulic 
ete.    Its  internal  diracnsions  must  be  sufficient  to  admit  of  the 
of  workmen  beside  the  pipe  or  pipes  which  it  is  to  contain, 
principles  which  should  regulate  its  figure  and  thickness  are 
which  have  been  explained  in  Article  297  A,  p.  433.     The 
ar  or  down-stream  eud  of  the  culvert  is  usTially  open,  and  often 
wing-walls  sustaining  the  thi-ust  of  part  of  the  outer  slope  of 
embankment ;  the  inner  or  up-stream  end  is  nsnally  closed  witli 
-tight  masonry,  through  which  the  lowest  or  scoiuing  outlet- 
passes.     In  some  reservoirs  there  is  a  water-tight  partition  of 
snry  at  an  intermediate  point  in  the  culvert.     The  culvert  is  to 
well  coated  with  cluy  puddle.     (Article  206,  p.  344)     In  the 
constructed  reservoii-s  a  touw  stands  on  the  inner  end  of  the 
Ivert,  to  contain  outlet-pipes  for  draiving  water  from  different 
sis,  with  valves,  and  mechanism  for  opening  and  shutting  them, 
letimee  a  cast  iron  pipe  is  laid  without  any  culvert. 


■  The  tdQaming  method  was  lued  by  Jardioe  to  dear  nnaonBd  pieces  away  from 

rock  foundation  of  the  efnbankment  of  Gleneone  reservoir,  near  Edinbargb. 

,  Iaj0  of  day  paddle  iras  spread  and  well  rammed  over  the  surface  of  the  rock, 

ma  then  torn  off,  when  all  the  fissured  fragments  caine  sway  adhering  to  tiie 

cf  paddle,  leaving  «  sarface  of  BOtmd  TOdL  (or  Om  toon&iAAOQ.  cK.  ^^  '         "^ 
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v.  Making  the  Embankment. — The  embankment  ii 
of  clay  in  thia  horizontal  layers,  as  dt'scribcd  in 
Division  III.,  p.  341.  The  central  jjart  of  the  emlanl 
be  a  'Spuddle  tcall"  of  a  thickness  at  the  b«so  equal  t 
third  of  its  height;  it  may  diminish  to  about  tno-t 
half  of  that  thickness  at  the  top.  Great  care  must  1 
the  puddle  wall  makes  a  perfectly  -water-tight  joint  wi| 
throughout  Uie  whole  of  ita  course,  and  also  with  the  pi 
of  the  culvert.* 

Paring  the  construction  of  a  reservoir  cmluinkraert 
be  taken  to  provide  a  temporary  outlet  for  the  water  ( 
ing-ground,  sufficient  to  carry  away  the  greatest  flui 
This  may  be  done  either  by  having  a  pipe  sufficient  fot 
traversing  the  culvert,  or  by  completing  a  sufficient  by©^ 
the  embankment  is  commenco<l. 

VL  Prof^ctimt  of  8lop«3  and  Top. — ^The  outer  sloj 
protected  from  the  weather  by  being  covered  with  al 
The  iiuier  slojie  ia  usually  pileJied  or  faced  witli  di-y ) 
edge  by  hand,  alxsut  a  foot  thick,  up  to  about  three  fd 
top  water-level,  and  as  much  higher  as  waves  and  spra; 
rise.  The  top  of  the  embankment  may  be  covered  t 
the  outer  8loj)e ;  but  it  is  often  convenient  to  make  a  t 
it ;  in  either  case  it  should  bo  dresi^cd  so  as  to  hax^ 
vexity  in  the  middle,  like  that  given  to  ordinary  ra 
that  water  may  rtm  off  it  readily.  1 

No  trees  or  shrubs  should  be  allowed  to  grow  oi 
embankment,  as  tlicir  roots  pierce  it  and  make  opo 
penetration  of  ■water,  for  the  same  reason  no  stalq 
driven  into  it. 

4C4.   App*«dn|{<>«  erniore  R«aenr»lr«.  —  L    The    WoM 

appendage  essential  to  the  safety  of  every  reservoir. 
ntsuch  a  level,  and  of  such  a  length,  as  to  be  c^r-'  '-  n 
from  the  reservoir  the  greatest  flood-discharge  'j 

«uj>i»ly  it,  without  causiug  the  water-level  to  i jso  m 
height.  (As  to  the  discharge  over  a  weir,  see  Article  4 
II..  III.,  VL,  and  VII.,  pp.  6S2  to  GSi.)  The*  water  dij 
the  weir  is  to  be  received  into  a  channel,  o|)en  or  co 
BJtuation  may  require,  and  conducted  into  the  natural 
below  the  reservoir  embiiukment.  The  weir  ia  to  Lq  li 
or  squared  hammer-dressed  masom'y;  the  bottom 

•  Th«  late  Mr.  Smith  of  Douuton  nmrncd  and  puddled  ..^ 
of  «  reservoir  embankmeat  by  «recting  a  nil-taiM  alow  tadi  tida 
«  'l.'ok  of  «lieep  tevcnU  time*  backwards  and  fonrarda  aSao^  U. 

Y  puddio  may  ba  protcotod  agaiost  tba  bnnowtef  nT  lato 
:u  aabet,  ca,T«\M\&^Vlliusa,'od<.^A  ttScLw  inodi  a<  to  oiaka  ii 
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directly  in  fixsnt  of  it,  is  best  protected  by  a  series  of  rough 
"which  break  the  full  of  the  water.  Instead  of  a  waste- 
iste-pit  has  in  some  cases  been  nsed ;  that  ia  to  say,  a 
tt  rising  througli  or  neur  the  embjinkjneiit  to  the  top  water- 
1;  the  waste  water  falls  into  this  tower  ami  is  carried  away  by 
ilvert  from  its  bottom  j  but  the  etEcienoy  and  safety  of  this  con- 
ance  are  vciy  quesitionable,  for  it  seldom  can  have  a  sufficient 
Hit  of  overfall  at  the  top. 

L  Wasle-sluices  may  be  opened  to  assist  the  "waSte-weir  in  dis- 
rging  an  excessive  supply  of  wat<-r.  They  may  either  be  under 
control  of  a  man  in  charge  of  the  reservoir,  or  they  may  be 
■acting.  The  simplest  and  Ijest  self-acting  waste-shiice  is  that 
I.  Chaubart,  as  to  which,  see  A  Manual  of  the  Steam  Engine  and 
r  Prime  Movers,  Article  139,  p.  153. 

n.  Cvlvert,  Valve-Tower,  Briilfje,  Outlet- Pipeg  and  Valves. — TJie 
r»rt  and  its  tower  have  bieen  mentioned  in  the  preceding  article. 
ien  the  tower  is  imbedded  in  the  embankment,  as  it  sometimes 
k  is  calletl  the  valvf.-pit;  but  the  best  position  fur  it  is  in  the 
rvoir,  just  clear  of  the  embankment;  and  then  a  hg\xt  foot- 
|^«  is  required  to  give  access  to  it  fi-om  the  top  of  the  embank* 
tt. 

Then  the  object  of  a  store  reservoir  is  simply  to  equalize  the 
'  of  a  stream,  in  order  to  protect  the  lower  countiy  from  floods, 
to  obtain  an  iucrca-scd  ordinaiy  flow  availaVjle  for  irrigation  and 
6r-powcr,  one  outlct-piiw  may  be  sufficient,  discharging  into  the 
iral  water-course  below  the  embankment ;  but  if  the  water  is  to 
18ed  for  the  8U])ply  of  ii  town,  or  for  any  other  purpose  to  which 
tmess  is  essential,  there  must  be  at  least  two  outlet-pipes, — the 
oazy  discfiarge-pipe,  wliich  takes  the  water  from  a  |>oint  or  points 
below  the  lowest  water-level  of  the  reservoir,  in  order  to  con- 
i  it  to  the  town  or  place  to  be  supplied;  an«l  the  deansing-plpe, 
Ch  takes  the  water  at  or  near  the  lowest  point  in  the  reservoir, 
discbarges  it  into  the  natural  watercourse  below  the  emljank- 
it,  and  is  only  opened  occasionally  in  order  to  scour  away  sediment. 
I  ■water-course,  where  such  scouring  discharge  falls  into  it,  must 
e  its  bottom  protected  by  a  stone  pitching.  As  to  the  discharge 
)ipe8,  see  Article  450,  p.  684. 

'he  mouthpieces  of  such  pipes  should  be  guarded  against  the 
ranee  of  stones,  pieces  of  wood,  or  other  bodies  which  might 
tract  them  or  injure  the  valves,  by  means  of  convex  gratings. 
I  valves  btst  suited  for  them  are  slide  valves,  as  to  which,  see  A 
ntiai  of  tJie  Steam  Engine  and  oilier  Prime  3f overs,  Article  120, 
.24. 

K  Tlie  Bije-waah  is  a  channel  sometimes  used  to  divert  pasfc^ 
B^rvoir  the  waters  of  the  streams  which  supply  it,  when  the 


I 
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are  turbid  or  otherwise  impure.  Its  dimensions  are  fixed  ) 
lag  to  the  principles  of  Article  451,  pi  680.  Its  course  usoa 
near  one  margin  of  the  reservoir,  and  is  then  convenientlr  s 
for  receiving  the  water  discharged  by  the  waste- weir. 

In  some  cases,  when  a  reservoir  has  been  made  under  a  i 
tion  that  only  the  surplus  above  a  certain  quautitj  ww 
allowed  to  flow  into  it  from  the  streams,  the  whole  of  the  s 
have  been  conducted  post  the  reservoir  in  a  bye-wash,  havioj 
or  overfalls  along  its  margin,  at  certain  points  in  its  courst 
the  top  water-level  of  the  reservoir.  The  IcveJs  of  those  weii 
so  adjusted  that  when  no  more  than  the  prescribed  quantity 
down  the  bye-wash  none  escaped  over  the  weirs;  but  whei 
was  any  surphis  flow  in  the  bye-wash,  the  water  in  it  rose  ab 
crests  of  the  weirs,  and  the  surplus  escaped  over  them  ii 
reser\-oir. 

"V.  Diversion-cute  are  permanent  bye-washes  for  streams  t] 
so  impure  as  to  be  rejected  altogether. 

VI.  Feetlers  are  small  channels  for  diverting  cither  strtv 
surface  drainage  into  the  reservoir,  and  so  inei-easing  its  gati 
^jround.  When  used  to  catch  surface  drainage,  they  Lav* 
found  to  conduct  to  the  reser>-oir  from  one-qimrter  to  onf-ha't 
rain-fdll. 

In  oonnection  Anth  feeders  for  diverting  i<trcams  into  the 
voir  may  be  mentioned  what  may  be  csdled  a.  acjfaratiny-tty: 
inv*.>ntioii  of  an  assistant  of  Mr.  Bateman,  and  first  used  i 
!Miinchost(>r  water-works.  A  weir  built  across  the  cIlihih- 
stream  has  in  front,  andi«nillol  to  its  ci"cst,  a  small  conduit  ni 
along  its  front  slope  at  such  a  level  that  when  the  stream  is  in 
and  tlieivfort!  turbid,  the  cascade  from  the  t«.»p  of  the  weir 
leaps  the  conduit,  and  nms  down  the  front  slo^je  into  tlii"  n 
channel,  which  conveys  it  to  a  reservoir  for  the  supply  of  inill? 
wliou  the  flow  is  moderate,  the  cascade  falls  into  the  small  ci' 
which  loads  it  into  a  feeder  of  the  store  i-eser>'oir  for  the  sup 
the  city. 

Tli<>  horizontal  distance  x  to  which  a  caj«cade  fwm  tho  cn*i 
weir  will  k-ap  in  tho  course  of  a  given  fall  s  below  that  cn^st  i: 
thus  calculateiL  The  mean  velocity  w^ith  which  the  casftuii'  ■• 
from  the  weir-crest  is  nearly 

17=  f  X  80'25jKi  =  5-S5jh^ : 


3 
Aj^  being  the  height  from  the  weir^crcst  to  still  water  in  the 
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15.  BfBuwir  ivaUa. — Betaining  walls  are  oflea  nsed  at  the  foot 
i  slopes  of  a  reservoir  embankment ;  they  are  of  coarse  to  be 
in  strong  and  durable  hydraulic  mortar,  especially  at  the  foot 
B  iuner  slop&  As  to  their  stability  and  coastruction,  aoe 
ides  265  to  271,  pn.  401  to  410. 

Ticn  the  gorge  to  be  closed  has  a  bottom  of  sound  i-ock,  a  wall 
bblo  masonr)',  built  in  Htrtnig  liydraulic  mortar,  may  with 
Btivantagc,  in  point  of  durability,  Ir-  «ubstitnteid  for  an  earthen 
kment;  and  tliis  is  eapcciidly  the  case  when  thb  depth  is 
such  as  100  feet  and  upwai-ds.  The  masonry  should  be 
with  great  care;  and  continuous  courses  shoidd  be  avoided; 
khe  bed-joints  of  such  courses  tend  to  become  channels  for  the 
page  of  the  water.  In  designing  the  profile  of  the  waU,  with  a 
to  stability,  strength,  and  economy  of  material,  tlie  following 
ciples  are  to  be  followed : — 

.)  The  inner  face  of  the  wall  to  be  nearly  vertical 
L)  At  each  horizontal  section,  the  centre  of  resistance  not  to 
ate  from  the  middle  of  the  thickness,  inward  when  the  i-escrvoir 
,  outward  when  full,  to  snch  an  extent  as  to  produce  ap- 
tension  at  the  further  face  of  the  wall. 
,)  The  intensity  of  the  vertical  pressure  at  the  inner  face  of  the 
I,  when  tlie  reservoir  is  empty,  and  at  the  outer  face  when  the 
voir  is  full,  not  to  exceed  a  safe  limit.  That  limit  may  be 
d  as  nearly  equivalent  to  the  weight  of  a  column  of  masonry 
high  for  the  inner  face,  and  about  125  feet  high  for  the 
;  the  reason  for  making  the  latter  valuo  the  smaller 
that  owing  to  the  batter  of  the  outer  face,  the  resultant 
Bore  may  be  considerably  greater  than  the  vertical  pressure, 
K^Uy  Qcar  the  base  of  the  waU. 

G6.  Lake  BcMrvoin. — To  convert  a  natunil  kdic  into  a  reservoir 
tist  be  provided  with  a  wastc-weir,  and  with  one  or  more  outlets 
ac  intended  lower  water-level,  conti'olled  by  valve&  The  out- 
outlets  may  be  made  cither  by  building  a  culvert  with  pipes 
I  excavation  of  siifBciont  depth,  or  by  ttiunelling  tbrough  one 
e  ridges  that  enclose  the  lake. 

Sectiov  IV, — Of  NMnral  and  Artificial  Waler-Channda. 

C7.  Sarrerlnc  and  liCrclliBg  of  irmer-ChmBneU. — The  principles 
<sh  c<"iimect  the  dimensions,  figure,  declivity,  velocity  of  current, 
discharge  of  a  water-channel  have  already  been  fully  set  forth 
Articles  444  and  445,  pp.  G73  to  G74,  and  Articles  451  to  454, 
686  to  G91.  In  the  present  section  are  to  be  explained  the 
iciples  according  to  which  such-channels,  whether  natural  or 
ificial,  are  cojistiiicted,  preserved,  and  improved. 
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The  plans  of  an  existing  or  inten<led  water-channel 
Bpccial  remark  beyond  wbat  has  already  been  stat*>d  b» 
geneml  in  the  first  part  of  this  work,  except  that  in  the  caa 
streams  liable  to  overflow  their  bank-i,  they  should  show 
ariea  of  lands  liable  to  be  flooded,  and  also  of  those  liahl 
awash  (see  Article  402,  p.  702),  and  that  their  utility  wil 
increflsed  by  contour-lines.  The  longitudinal  section 
made  along  the  centre  line  of  a  propos«xl  channel,  and 
line  of  the  most  rapid  cun-ent  in  an  existin.    '  "^ 

ahow  the  levels  of  both  Imnks  as  well  as  tli  ti 

channel,  and  of  tlie  surface  of  the  current  la  its  Ltvscct, 
Wld  flooded  conditions.  It  should  be  accompanied  by^ 
ci-osa-scctiona,  especially  iii  the  case  of  existing  Btre&uu  < 
sections;  and  of  those  cross-sections  a  sufficient  nuinl 
extend  completely  aci-oss  the  lands  flooded  and  awash,  ti 
fijjure  of  their  surface.  They  should  include  acrnmtf  d! 
the  areliways,  roadways,  and  ap]iroaclies  of  exi-- 
existing  weirs  and  other  obstructions.  The  v 
Bhould  be  ascertained,  as  for  any  piece  of  earthwork,  by 
and  Irarings,  and,  in  the  case  of  an  existing  channel,  by 
bottom  al»o,  and  the  results  should  be  shown  on  the 
plan. 

468.     Regime  or  ftiablllif  of  •  Waict-Chaaad. — A 
ia  said  to  l)e  in  a  state  of  reyime  or  stability  whf'  *^'  ~ 
its  bed  are  able  to  resist  the  tendency  of  the  ent 
forward.     The  following  table  shows,  on  thoauiii 
the  gTeate.st  velocities  of  the  current  clo«e  to  the  bod,  co 
the  stability  of  various  materials : — 

Soft  clay, o-2%  fjOt] 

Fine  sand, O"5o      » 

Coarse  aand,  and  gravel  as  large  as  peas,  070     „ 

Gravel  as  large  as  French  beans, I'oo     „ 

Gravel  1  inch  in  diameter, 2'2,^   u-f\. 

Pebbles  1^  inch  diameter, 3-3^ 

Heavy  shingle, 4-00      ,, 

Soft  rock,  biick,  earthenwai^ 4-50      ^ 

Hock,  various  kinds, <     ^ 

As  to  the  relation  between  the  surf>ic(  tho 

and  the  velocity  close  to  the  lK?d,  see  A  -  i5,  p. 

i'lii  1    riiJifion  of  the  channels  of  Btre:ims  which  have  I 
-  '■.  ii.ivilly  that  of  stability.     Wlien  the  J—l   :-  -»... 
udition  is  mont  frequently  that  of  - 
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"heax  the  bed  is  earthy  its  usual  condition  is  either  juat  ttahl6 
Wnwrt,  or  permanefUh/  unstable.     The  former  of  these  condi- 

arisea  from  the  fact  of  the  stream  carrying  earthy  matter  iu 
Insion,  so  that  the  bed  couHists  of  particles  wliich  are  just  hcjivy 
sh  to  b«  deposited,  and  which  any  alight  increase  of  velocity 
d  sweep  away. 

le  bottom  of  a  river  in  a  permanently  unstable  condition  prc- 
^  aa  Du  Buat  pointcil  out,  a  series  of  transverse  ridges,  each 
a  gentle  slope  at  the  up-stream  side  and  a  steep  slope  at  the 
l-atream  sida  The  piirticlea  of  the  bed  are  rolled  by  the 
ftnt  up  the  gentle  slope  till  they  come  to  the  ci*eat  of  the 
»,  whence  they  eventually  drop  down  the  steep  slope  to  the 
)m  of  a  furrow,  where  they  become  covered  up,  and  remain  afc 
till  the  gradual  removal  of  the  whole  ridge  leaves  them  again 
Md. 

Ilea  the  banks,  as  well  as  the  bottom,  are  unstable,  the  river- 
Dcl  undergoes  a  continual  alteration  of  form  and  position.  If 
tanks  are  straight,  they  soon  become  curved,  for  a  very  slight 
ental  obstacle  ia  sufficient  to  divert  tlie  main  current  so  that  it 
more  strongly  on  one  bank  thau  on  the  other :  tlio  former  bank 
Doped  away,  and  becomes  concave,  and  the  esirtljy  matter  sujb- 
ed  in  the  stream  is  deposited  in  the  less  rapid  part,  so  as  to 
\  tie  opposite  bank  convex.  A  cui"ved  part  of  a  river-channel 
I  to  become  continually  more  and  more  curved ;  for  the  centri- 

force  (or  rather  the  tendency  of  the  jiarticles  of  water  to 
bed  in  a  straight  line)  causes  the  particles  of  water  to  accumu- 
ttowards  the  concave  Ixink;  the  current  is  consequently  more 
I  there  than  towards  the  convex  bauk,  and  it  scoops  away  both 
Ibank  and  the  bottom  (unless  thoy  are  able  to  resist  it),  and 
tlBts  the  material  in  some  slower  patt  of  the  stream :  thus  the 
9flhe  strongest  current  is  always  m^ore  circmtous  than  the  centre 
pf  the  channel;  and  the  action  of  tlie  cum^nt  tends  to  make  the 
^ve  banks  more  concave,  tho  convex  banks  more  convex,  and 
Ivrbole  course  of  the  river  more  serpentine.  This  goes  on  until 
Current  meets  some  material  which  it  cannot  sweep  away,  or 
^  by  the  lengthening  of  tho  course  of  the  stream  and  the  con- 
Jent  flattening  of  its  declivity,  its  velocity  is  so  much  reduced 
I  it  can  no  longer  scoop  away  its  banks,  and  stability  is  estab- 
H.  In  some  cases  stability  is  never  established ;  but  the  river 
tenta  a  serpentine  channel  which  continuidly  changes  its  form 
position. 

ne  of  the  chief  objects  of  engineering,  in  connection  with  the 
IQels  of  streams,  is  to  protect  their  banks  against  tho  wearing 
m  of  the  cmrtfDt,  so  as  in  some  ciises  to  give  tbtva  \.\\b.\.  %\iCw\\\jf 
^^ep-  waatia  their  natural  condition,  atid  vnoVXvet  ci&aea  \R 
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give  them  the  adJitional  stability  tliat  is  Tv*\-ai  n.^]  j 

an  increoseil  velocity  of  current,  product-d  by  iui{jruvt:u»a 

course  and  foiin  of  tke  cluinncL 

4G9.  Pr«tccaiaa  of  Kircr-Baaka, — The  most  eflicMrai 
to  the  bauk3  of  n  sti-eam  is  a  thick  growth  of  iiraier-nlantii, 
thea<.'  form  a  serious  impediment  to  the  current,  srliodal  p 
must  be  substituted  for  them,  at  least  below  the  ari 
level  Above  that  level  a  plautation  of  small  willows  focn 
defence  against  the  destructive  action  of  flnftds ;  but  it  is 
cable  where  there  is  a  towing-path.  The  means  of 
protecting  river-banka  may  be  thus  classed: — L  Faacitu 
Timber  sheeting.  III.  Iron  sheeting.  IV.  Crib-work. 
pitching.     VL  Retaining  walls.     VIL  Groins. 

I.  Fiucxnes,  already  referred  to  in  Artiela  417,  fii 
bundles  of  willow  twigs  firom  'J  to  12  inches  in  diinicter .-  Ux 
are  about  20  feet  long,  but  1 2  feet  is  a  more  oommob  leo^ 
ai«  tied  at  every  4  feet,  oi>>  thereabouta  For  Uio  nroCeeti 
rivei^bank  behno  t/ia  low  water-level  an  "apron"  or  '•oeard" 
oon&istiug  of  fascines  lying  with  their  lengtlt  upaiid  down 
of  the  bank;  the  upper  euda  are  fastened  down  to  the  I 
staked  about  4  four  feet  long;  the  lower  ends  aro  sunk; 
down  under  water  by  loading  them  with  8toofl&  To  rati 
bank  above  tJte  low  waier-leod  fascines  are  laid  honaobtal^  u 
with  their  butt  ends  towards  the  stream,  ao  aa  to  fom  a  i 
steps  rising  at  the  same  rate  with  the  slope  of  the  Www  fli 
bonk,  or  nearly  so  (say  fxova.  1  to  1  to  3  to  1);  each  Uyar  m 
dovm  with  three  rows  of  stakes  4  ieet  long;  the  headn  vi 
rise  S  inches  or  thereabouts  above  the  facoiw-a^^  jmuI  u<a 
wattled  with  wicker-work,  so  as  to  form  a  crib  fur  tbo 
a  layer  of  gtaveL 

FooeiiieB  usually  last  6  years  above  the  low  WKter*k««l 
yeai-s  below. 

XL.  Timber  Sheeting  may  consist  cither  of  nh wli  | jli m  { 
described  in  Article  404,  p.  G0<^)  or  of  gmde-pilea  *im^  1m 
planks,  deflcribed  in  Article  40!>,  p.  613.  The  waloa  of  tbi 
piling  or  the  guide-piles  of  the  [thinking  mast  be  tied 
anchoring-plates  made  of  planks  bnrittd  in  a  fina 
earth  at  a  sollicient  distance  back  from  tlw  hank.  Tba 
power  of  snch  anchoring-plates  depends  on  the  « 
as  that  of  iron  anchoriug-platcs,  aa  to  wbieh,  aoe  Axlic 
p.  410, 

IlL  froH  Shaetinff  has  already  Iieen  describad  in  Artici* 

<;      u  ;.  ..,^....;... ..j  .,...,...  fj^^^Qj^,..-- :..  . 
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kv  or  river-l)aiik  ibi  iuterstices  are  rammed  full  of  clay  aud 

V.  Dry  Stone  Pxtehing  is  iised  to  protect  earthen  banks,  of  sloiwa 

miiL;ing  from  that  of  1  to  1  to  that  of  l!  to  1,  ur  fiattor.     It  couaista 

of  titoues  roughly  squared,  and  laid  by  hand  iu  courses.     Its  tliick 

V/tta  is  usually  from  8  to  12  inches  at  the  top,  aud  incrc^iases  in 

going  down  at  the  rate  of  2  or  3  inches  per  yard.     The  foot  of  th« 

fiitihing  u>Ti3t  abut  against  a  foundation  sufficient  to  prevent  it 

''     ing.     Such  a  foundation  may  be  made  by  sinking  a  fomt 

1  laaketa,  each  containing  about  2  cubic  yai-da  of  gnivel,  or 

:_  a  ri}w  of  piles  with  horizontal  wales  at  the  inner  side  of 

i ;  the  strength  of  the  wales  is  a  matter  of  calculation ; 

icy  lui\  0  to  resist  a  maximum  pressure  =  weight  of  pitclung  x  nsa< 

slope  -T-  length   of  8lop<(,    the  friction  of  the  pitching   on   th» 

irtli  beiug  neglected  for  the  sake  of  security. 

YI.  lietaining  Walls  are  used  chiefiy  where  quays  are  requit%d« 

and  will  hti  again  mentioned  further  on. 

VI  I.  Groins  are  small  dykes  projecting  at  right  angles  to  thi 
ik  to  be  protected,  and  aixj  made  either  of  loose  stones,  of  pile 
id  planks,  or  of  wattled  stakes.  Each  groin  protects  a  portion  of^ 
bank  of  alxtutyiie  times  its  own  length,  and  usually  causes  that 
rent  that  sweeps  round  its  point  to  scoop  out  an  excavation  voi 
bottom  of  the  channel  of  a  bi-eadth  equal  to  about  onc-quartcic 
'  iho  length  of  the  groin,  the  material  scooped  out  being  deposited^ 
in  the  space  between  the  groins.  Groins,  besides  being  an  obstruo- 
taon  to  the  cuirent,  are  iujiirious  to  the  regularity  of  figure  and 
stability  of  the  bottom  of  the  channel,  and  should  only  be  used  as 
trnir>arary  expedient  to  protect  the  banks,  until  works  of  a  better 
descriptiuQ  can  be  completed. 

470.  iMproreaeiii  m(  Biwr>Ck«tta«l* — The  defects  in  a  rivcr- 
innel  which  are  to  be  removed  by  improvements  are  usually  of 
le  following  kinds: — The  channel  may  be  too  shallow,  either 
generally  or  in  particular  places;  it  may  be  too  narrow,  either 
generally  or  in  particular  places;  it  may  even  in  particular  places 
oe  too  wide,  if  the  breadth  is  so  great  as  to  cause  the  formation  of 
Bhoiils  by  enfeebling  the  current;  its  declivity  maybe  too  flat^ 
either  from  the  existence  of  obstacles,  such  as  shoals,  islands,  weirs^ 
ill-constructed  bridges,  or  the  like,  or  from  its  course  being  toO' 
circuitous;  occasionally,  but  rarely,  the  declivity  may  be  too  steep* 
at  {larticuliir  places,  giving  rise  to  a  current  bo  rapid  as  to  make  it 
impossible  to  prcsor>'e  the  stability  of  the  bed;  but  this  defect 
generally  arises  from  the  declivity  being  too  flat  elsewhere;  it  may 
contain  sharp  txims,  injurious  to  the  stability  of  tlic  banks;  it  ma, 
he  ihHded  into  bruuchen,  so  as  to  enfeeVjle  t\\e  curreut, 
Setdag  aside  for  the  present  divcrsuma  of  tlvc  cour&e  ol «.  w 
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wliich  will  be  consddered  in  tLo  next  article,  tlio  wi 
improvement  of  the  cbanncl  consist  mainly  of: — 1.  flxcat) 
remove  islands  and  shoals,  aii'l  widen  nanxiw  plao£%s.  II.  R« 
dyket«,  to  contract  wide  ehallowi  IIL  Works  for  stuppiiij 
branchesk 

lietbre  commenciug  alterations  of  any  kind  in  a  tirer 
careful  calculations  should  be  made,  acconling  to  the  p 
exjilained  in  Section  I.  of  this  chapter,  of  the  probable  ( 
Buch  altemtions  on  the  level,  declivity,  and  velocity  of  the 
in  different  states  of  the  river.  Tlie  object  kept  in  vieMr  a 
to  obtiin  a  channel  either  of  nearly  uniform  section,  or  of  i 
gradually  enlarging  from  aliove  downwards,  with  a  cum 
shall  be  sufficient  to  discharge  flood- waters  witliout  ovortkH 
banks  more  than  can  be  avoided,  and  at  the  same  time  not 
OS  to  make  it  difficult  or  impossible  to  preserve  the  stubili^ 
chdhnel. 

All  imiiroveracnts  of  river-channels  should  be  begui 
lowest  point  to  be  altered,  and  continued  iipward.<  I -.-..« 
inipi-ovement  takes  effect  on  the  jmrta  of  the  Htrt'an 

L  Hxcavaticni  underwater,  by  baud  dredjiiug,  uiii.  n 
and  blasting,  has  been  described  in  Article  4lU,  p.  U14.      V 
current  is  at  a  low  level,  it  may  occ;u;ionally  bo  advun 
excavate  parts  of  the  bed  by  enclosing  them  witli  t«u|; 
as  if  for  foundations  (Article  4UD,  p.  Gil),  and  1;.    " 
Excavation  of  a  muddy,  sandy,  or  gravelly  bottom,  I  I 

current,  is  jjcr formed  by  mooring  at  the  i>luco  to  bo  du  j 
boat,  fmuisiied  witli  a  transverse  pixyecting  frame  covin 
boards  or  canvas;  this  frame  descends  to  within  3  or  4  i 
the  bottom  of  the  channel,  and  the  current,  forcr*»i  thrvoj 
narrow  opemng,  scoops  out  the  material  and  uweejis  it  away. 
30  to  70  cubic  yarxls  per  day  have  beeu  excavated  iu  this  t 
with  a  single  boat, 

II.  lie^julai'mg  Dykes  should  be  adopted  with  great  caoHa 
only  where  the  excessive  width  of  the  channel  is  an  Jis»k 
cause  of  ehallowness.  They  should  not  in  any  ca.s«;  i-tst' 
above  the  low  water-level,  lest  they  coutruct  too  ■ 
for  llood-watcrs.  They  may  be  built  uitlier  of  dry  • 
slope  of  about  1  to  1,  or  of  wattled  piles  and  gruveL  Tb« 
rules  for  the  construction  of  dykes  of  the  latter  kind 
follows ; — The  piles  in  a  double  row  to  be  driven  into  tb» 
to  a  depth  equal  to  twice  the  depth  of  water;  «'-  '•  '-i 
less  than  l-2Uth  of  their  length ;  their  distance  : 

to   be   equal   to  the    depth  of  water;    the   d, 
between  th«  rows  of  piles  to  Iw  once  aud  u  !i. 
water.    IViej  «)j:«  V/^  \>«  \.\«dk  Vki^'Cwv.x  \.viiis>»>.-eni;l{,  a^u  >»  ^. 


RIVER-CSAJTSELS. 


twigs,   anil  the  s[»acc  between  tlie  two  rows  filled  wit 

TIL  The  Stopping  of  Brancliiii  should  be  performed  at  the^ 
upper  ends.  In  a  gentle  currt'iit  it  nmy  be  efiectcd  hy  menni 
of  an  cmlMnkment  of  stones  and  gravel,  advancing  simultaneousll 
frrnn  the  two  banks  nntil  it  is  closed  in  the  centre;  in  a  vaork 
1  stream  a  dyke  of  wattled  piles  and  gravel,  made  as  alreadv 
ribed,  may  be  used ;  should  the  cnrrt^nt  bo  too  sti-ong  for  eithei 
these  plans,  a  raft,  boat,  or  caisson  (Article  409,  Division  UXJ 
pL  G13),  or  a  crib-work  dam  (Article  409,  Division  IV.,  p.  G14^^ 
loaded  with  stones,  is  to  be  moored  across  the  streara  nnd  sun" 
Th'."  branch  channel  having  had  its  cun-ent  stojuied  will  ailt  ii] 
of  it«el£ 

^      471.  Divcrmiona  of  Rt*er-<'fanBarU  arc   usually  adopted  for  tb 
^■kirpoee  of  rendering  the  course  less  circuitous.     In  designing  the 
^^Kgard  should  be  had  to  thp  principles  already  explained  in  Sectiod 
1.  of  this  chapter,  and  in  the  2>receding  articles  of  this  section  :  anq 
care  should  be  taken  not  to  make  the  course  too  direct,  lest  tb0 
^nurent  be  rendered  too  rajtid  for  the  utability  of  the  bed.     M 
^^^riktly  curved  channel  is  idw/iys  better  than  a  stmight  channels 
^^^■nse  in  the  former  the  main  current  takes  a  definite  cours^ 
^^PH|{    always    nearest  the  concave  bank;  whereaa  in  a   straighl 
^Sbannel  its  course  is  liable  to  keep  continually  changing. 
^L  The  form  of  cross-section  with  a  horizontixl  hnae  and  sloping  sid 
^^^ch  gives  the  least  friction  with  a  given  area  has  already  bee: 
SBesciibed  in  Article  451,  p,^  C88,  and  it  may  bo  adopted  if  ti 
stream  is  to  act  solely  as  a  conduit  for  the  conveyance  of  water 
\mX  should  it  be  navigable,  a  figure  must  bo  adopted  suited  to  th« 
«?oiivenience  of  the  navigation.     This  will  be  further  considered  iq 
<]?hapter  III.  of  this  part. 

472.  A  Wcir  ia  an  embankment  or  dam,  usually  of  stone,  somCN 
^mes  of  timber,  constructed  across  the  channel  of  a  stream.     Ab 
•Sto  eflTect  on  the  water-level,  see  Articles  452  aiul  453,  pp.  68! 
aund  690. 

"When  erected  for  purposes  of  water-power  or  water-supply, 
■bbjcct  of  a  weir  is  partly  to  make  a  small  store  rei«ervoii',  bii 
^Brinci[H(lly  to  prolong  a  high  top  water-level  from  its  natui 
^btUAtiou  at  a  place  some  distance  up  the  stream,  to  a  place  wherfl 
Birater  ia  to  be  diverted  from  the  stream  to  drive  machineiy,  or  foi 
^pome  other  purpose.  When  erected  for  purposes  of  navigation,  tlu 
^mgect  of  a  weir  is  to  produce  a  long  reach  or  pond  of  deep  and  coooi 
^MMatively  still  M-ater,  in  a  place  where  the  rirer  is  naturall; 
^Blallow  and  rapid. 

H^   7«  filiwning  a  weir  three  things  are  to  \>e  consv^wcSi".  \\a'^ 
Upd  p€>aitJoaf  its  foiiu  of  cross-section,  and  its  cotiatevvcXivo'^i. 
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I.  Zijw  and  Position  of  a  Weir. — It  is  best  to  avoid 
curved  |iarts  of  a  river-channel  in  choosing  the  site  of  a  ■o 
the  rapid  current  which  rushes  down  its  face  in  times 
should  i;udorniine  the  concave  bank.  For  the  protectioi] 
Kinks  iu  any  case,  it  is  advisable  so  to  form  the  weir  t 
casoiido  from  the  lateral  pirts  of  the  crest  shall  be  directed  f 
banks,  and  towards  the  centre  of  the  channel.  This  may  be 
either  by  making  the  weir  slightly  curved  in  ])lnn,  with  t 
cavity  at  the  down-stream  side,  or  by  waking  it  like  a  V  i 
with  the  angle  j^ointiug  up  stream.  Another  miHie  of  pn 
the  banks  is  to  make  the  cn-st  of  the  weir  slightly  hii:hc 
ends  ihsin  in  the  middle,  so  that  the  lateral  iiiu-ts'of  the 
may  be  too  feeble  to  do  dauiage. 

in  oilier  to  diminish  the  height  and  extent  of  Imckwaier 
floods,  the  cri'st  of  the  weir  is  often  made  considerably  h>n^ 
the  bivadtli  of  the  ehaimelj  this  is  effected  either  by  ma 
on:'*s  the  chunnol  obliquely,  or  by  using  the  V-sha|v 
doscribod,  the  l:i:ter  method  lieiug  the  K■^t  lor  the  stab 
the  b:tnks.  The  pr.u-iical  advantage  of  such  increased 
is  doubtful. 

II.  /'.'//.»  of  Cross-S':dii.'H. — Tlie  back  or  np-stivam  sit 
vroir  is  usually  st^vp,  ranguig  from  vertical  to  a  sLtix^  of  i:^« 
1 :  ill.'  top  is  lither  level  or  slightly  convex,  and  not  li- 
alu>ut  -  or  3  fi.H?t  broad.  In  designing  the  front  or  d-iwu 
si.].'  oi'a  weir,  the  principal  object  is  to  pivvent  the  easr.; 
ru-ilii-s  over  it  tivm  undermining  its  base.  The  comiii-;iTa->t 
is  t't  u>e  a  long  flat  slope  of  3  to  I,  -t  to  1,  or  •">  to  1,  in  on; 
the  tipoed  of  tlje  current  may  be  diminished  by  friotiou.  ai 
it  may  >trike  tlje  bottom  of  the  channel  Viiy  obliipuly.  A 
j>rotoe;iou  is  gi\('u  to  the  river-lied  by  continuing  tin-  fron: 
short  distance  bi  low  the  Ijottom  of  the  chanuel,  and  tliiu 
it  slightly  upwards.  Another  method  is  to  make  the  fi-nnr 
wi'ir  ])ivsent  a  s^terp  or  nearly  vertical  face,  over  whioh  tu 
falls  on  a  nearly  li-vrl  apron  or  pitching  of  timber  «'r 
I'l-obably  tho  be-^t  mt.'tliod  would  be  to  fi>rni  the  fr.iut  o(  : 
into  a  series  t>f  steps,  i-'ivsenting  steeji  taees  ar.il  fiat  y\ 
alternately,  the  genend  inclination  being  al>out  .'I  to  1 ; 
gri'at  lall  might  be  broken  uj)  into  a  series  of  small  f.'.IJ 
incai>able  of  damaging  the  platfonii  which  receives  it. 

III.  Coiislruclion. — In  onler  that  the  water  of  the  |hii 
not  foi-ce  its  way  muler  the  kise  of  a  weir,  or  rotmd  it<  * 
(as  the  end.s  which  join  the  banks  of  tho  stream  :ire  call 
foundation  should  be  examined,  chosen,  and  formed  with  pnv 
'^milor  to  t\vosc  vised  in  the  case  of  a  rcscr^-oir  eiubankiuea 

\aF*  '  ''^  ^^^  »-'«^'^  \Ra»\P^.  ivc  \»  TQ4. 
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To  make  a  weir  of  timber,  or  of  timber,  stones,  and  clay  com< 
ed,  any  of  the  nietbods  may  be   employed  which  have  bei 
cribed  under  the  head  of  "Dams,"  in  Article  409,  Divisio; 
,  III.,  and  IV.,  with  the  addition  that  the  buck,  crest,  and  front! 
the  <Lim  ai-e  to  be  covmvd  with  planking  laid  pai-allel  to  th4 
itit,  to  form  an  ovcrliill  for  the  waterj  and  tha,t  the  bottom  of 
channel  at  the  foot  of  the  weir  is  to  be  protected  either  by 
platform  of  ]>lanka  resting  on  a  timber  grating  or  on  piles,  or  by 
stone  pitching. 

A  weir  of  fascines  may  bo  bnilt  of  horizontal  layers  of  fascine^] 

J:ed  down  with  mixed  clay  and  gravel  packed  between  them,  i 

imanner  deacrilied  inidcr  the  head  of  the  protection  of  river- bank; 

ticlo  469,  p.  710,  the  crest,  front,  and  foot  of  the  dam  being  i> 

ed  with  on  apron  of  fascines,  like  that  described  in  the  sa 

ticle.  j 

A  dry  stone  weir    is    formed   like  the    stone    embankmenti 

sned  in  Article   412,  p.    til 7,   with   a   steep  slope  at  thfl 

and  a  long  gentle  sIojmj   in   front,  jiitchcd  or  faced  witl^j 

Iglily  squared  stones   set    in    courses,  as  in  the  pitching  of  Cll 

sr-bank,  Article  40'J,   p.   711.      Sometimes  a  ekeleton  crib  o^ 

iber,  conabting  of  piles  and  longitudinal  and  transverse  horiJ 

ktal  wales  i.s   constructed   in  order  to  keep  the  stones  of  tba 

ig  in  their  places.     As  to  the  pressure  against  the  losgi<i 

wales,  see  the  article  just  quoted. 

A  weir  of  solid  masonry  may  be  founded,  like  other  structures 

ider  water,  on  the  natural  ground,  on  a  bed  of  concrete,  on  a 

aber  platfonn,  or  on  piles,  acconiing  to  circumstances.   (See  Farl 

Chapter  VI.,  Section  II.,  p.   601.)     When  it  has  a  timben 

>nndation,  a  row  of  sheet-piles  at  the  base  of  the  up-stream  sidW 

rill  in  general  be  necessary  to  prevent  the  passage  of  water  uudeB 

and  in  the  grating  of  the  platform,  pieces  of  timber  running 

)otinuouaIy  through   the  weir   in   the   direction   of  the   strca: 

lould  be  avoided,  lest  they  should   conduct   water  along  the: 

iides.     The  nia.sonry  should  be  built  in   cement,  or  in  quickly 

ting  hydraulic  mortar;  the  heart  of  the  weir  may  be  of  coi; 

ibble,  or  of  concrete  laid  in  layers;  but  the  facing  should  be 

ad  block-in-course,  or  of  hammer-dressed  ashlar,  and  the  c; 

lould  form  a  co|)itig  of  large  stones,  all  headers,  dowelled  to  eachl 


jer. 


tha 


One  of  the  most  effectual  ways  of  preventing  filtration  round 
'  roots  "  of  a  weir  is  to  cany  them  a  considerable  tlistance  into  th« 
:;  but  in  the  case  of  a  weir  of  masonry  the  ends  often  abul^ 

>n  a  pair  of  aide-walls,  running  along  the  banks  of  the  stream, 
»d  haring  couaU'rforts  Ix-liind  them  to  intcTrvL^j^i  fi\fcre.\,\cyQ, 
TF.  Afifiauiagea  o/'  a   Wdr — Sluioea    and  Floodgole* — Sola 
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gtair. — Whca  a  weir  is  built  acrctss  a  nari^^abJe  nrvr,  ft 
lock  for  the  pa&iage  of  vessels,  which  will  tw  a^kia  ■ 
further  on.     It  may  have  oue  or  more  ouUrts  -with. 
those  of  a  reservoir  embankment  (Article  4G1,  p.  705), 
the  p>irp«ine  for  which  it  is  iiit^'oded. 

It  is  ulcuoHt  always  nccesAry  to  provido  %   nmtir 
tluiccs  or  floodgate'),  to  be  opcocil  whea  Ui«  river  i»  liif^ 
to  prevent  too  great  a  rise  of  backwuter.       A  dtuce  i* 
valvo  of  timber  or  iron,  moving  in  guides,  vluoh 
vertical,  act  in  a  rectangular  passage  of  tiiubrr  or 
oiiened  and  shut  by  means  of  a  !>crew-,  or  of  a  rack  mid 
ia  advisable  not  to  make  any  sluice  wider  than  aboot~4 
Should  a  greater  width  of  opening  be  required,  the 
the  weir  is  to  be  divided  by  walls  or  piers  into  a  oiOULJi^t. 
of  ptiruUel  paasages,  each  fumiahed  with  a  sluice.     As  to 
charge  through  a  duicc,  see  Articles  448,  449,  p.  681. 

Another  mode  of  opening  and  clo^ug  fluodgnt49  in  a  «r 
means  of  iveedlen,  an  tUey  are  called.  A  rectangular 
tljixjiigh  the  weir  is*  crossed  at  the  bottom  by  a  fixed 
and  near  the  top  by  a  moveable  timlter  sill,  retsting  in  two 
The  strength  uf  the  aills  is  a  matter  of  calculation  :  tii<y 
witlistand  the  pre.saurQ  of  the  water  on  a  flat  surCtce 
passage.  That  sui'face  is  made  up  of  the  "  needlvs,'*  vrhii 
Bet  of  square  bars  of  wood  strcmg  enough  to  -nitltstMiiI  the  i 
which  are  ranged  close  togctlitr  side  by  sitjr-  in  a  vrrtjcal 
at  the  up-stream  side  of  the  sills.     Each  cyi 

handle  at  its  upper  end,  to  hold  it  by  in  r<  I  rpl 

As  to  self'-acting  wagte-duices,  see  A  MantuU  <y  tke  Htc 
and  oUier  rrime  Movers,  Article  139,  p.  153. 

A  weir  across  a  river  frequented  by  salmon  requires  a  lit 
channel  to  enable  those  fish  to  ascend  its  (mut  ^1,..^        Jl| 
of  Deanston  introduced  the  practice  of  n  I 

rig-zag  form,  so  as  to  reduce  its  rate  of  >.     ......  ...^ 

fipi-cd  of  the  current  in  it  within  moderate  limita. 

A  moveable  weir  consists  in  general  of  a  wnt«r-iiclit 
timber  gate,  pliwjed  in  a  rectangular  passagu  of  masoiify 
and  ciii)able  of  turning  upon  a  horizontal  li>  -    -'  -'      fT 
pasBage^  so  as  to  he  either  laid  ilat  when  1 1 
clear,  or  net  at  any  required  angle  of  elcvatin 
declivity  of  the  stream,  with  obli<[ue  strut*  to  ; 
Btn^am  aide.     In  one  ingenious  modidcati" 
of  tho  struta  ia  \ier?OTtue4.\iY  fcwtwstivi.  and  m 
».»u  a  lioriionUA  \iutt%e  aX  ^e  ^ww  qS,  ''^ia  v»s«  _ 
rvdh  the  Bireftttx.     N'JWw  xV«a  v^a^??''^*'^**^ 
•  l»oriaoutii\  wceaa  \u  ^iae  ^ov>x  v:^  v\v^  Y»*--if ,  ^v^ 
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niderraost  and  the  upjier  surface  of  the  larger  gate  flnsh  vrith  the 
loor.  Wlien  the  weir  is  to  ha  raised,  water  is  admittod  through  a 
Fslve  and  culvert  from  the  up-stream  side  of  the  weir  ]>assage  into 
he  recess  below  the  gates ;  its  pressure  lifta  them  both  until  the; 
kwm  a  weir  of  a  triangular  snction,  the  larger  gate  muking  the  n^ 
itiVAm  slope  ftnd  the  ovedall,  and  the  smaller  making  the  ilow-n- 
ttreaiu  slojjo,  and  acting  at  the  same  time  as  a  strut  to  proj)  the 
arger  gate.  When  the  weir  is  to  be  Iowei*ed,  the  mass  of  water 
ntoined  below  the  gates  is  alIow«.'d  to  escape  by  opening  a  valve 
a  culvert  which  leads  to  the  dnwu-streara  side  of  the  weir;  and 
joth  gate-s  then  fiill  flat  into  the  reces^a  of  the  floor.* 

473,  BiTer  BridgcM. — The  constnictinn  of  the  foundations  on 
knd  and  in  water,  and  of  the  sujK'rst.nietui'es,  of  bridges  of  various 
matenals  having  been  explained  in  Fart  II.  of  thi.s  work,  and  their 
adaptation  to  roads  and  Rnlways  in  the  preceding  chajiter,  it  la 
ttow  only  neces.sary  t^^  st^te  those  principles  which  are  specially  aj 
|>licable  to  bridges  over  rivcra. 

In  choosing  the  site  of  a  bridge  which  is  to  have  piers  in  the 
Biver,  sharply  curved  parts  of  tlie  channel  should  be  avoided,  lest 
Uie  increoBcd  rapidity  of  the  cmreut  caused  by  the  narrowing  of 
the  water-way  should  undermine  tlie  concave  bank. 

The  current  should  be  crossed  at  right  angles,  or  aa  nearly  bo  as 
aracticable.  The  abutment.'}  should  not  contract  the  water-way, 
The  piers,  if  any,  should  stand  with  their  length  exactly  in  tl 
iirection  of  the  current ;  they  should  have  ixiinted  or  cyUndrlcnf 
utwaters  at  both  ends,  to  diminish  the  obstruction  to  the  ciu'i-eut 
trhich  they  produce;  and  they  should  bo  no  thicker  thnn  is  ncco 
■uy  for  the  safety  of  the  bridge.  (As  to  stone  piers  in  partic 
Article  293,  p.  42«.) 
The  springing  of  the  arches  should  bo  above  the  highest  ordinary 
ater-level,  and  as  much  higher  as  the  convenience  of  the  navi- 
^tiou  may  require;  and  care  should  be  taken  that  sufficient  water- 
ay  is  provided  for  the  greatest  floods.  The  crown  of  the  lowest 
luvhes  should  be  at  least  three  feet  above  the  flood-level,  that  they 
biay  allow  floating  bodies  to  pass  through. 

It  may  here  be  observed  that  the  figure  of  arch  which  gives  the 
gnwtest  water-way  for  a  given  rise  and  sjian  is  the  "  hydrosta' 
Kch."    (See  Article  283,  p.  419.) 

•  In  order  to  do  awn\'  as  far  as  po¥*Uilo  \rith  the  obstruction  oocasioned  bjr  weff 
It  has  been  proposed  by  Uii^h  Mackenzie,  E»q.  uf  ArJrois,  that  in  those  cases  in  whkli 
the  fall  of  the  stream  is  sufficiently  rapid,  and  the  conntry  in  other  reapecta  suitable,  tba 
diversion  of  water  from  a  stream  for  the  purpose  of  obtaining  power  should  be  cflected 
Vy  making  a  tunnel  uith  .luicably  formed  grated  aperturea  in  its  roof,  under  the  led 
itttite  stream,  atapcSat  where  its  vratpr-levcl  baa  s.utikw'nt  eVsviVloa,  tad.  ".o  ccsoAMrt 
tbe  wmUt  into  a  mill-lead  of  sutHciently  large  aiw  auA  TBwiwa.1fe  toS«\v^. 
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incls  in  embankmeDt  ■will  be  considered  under  the  head  of 

WhfTi  «v  channel  is  to  convey  water  for  tho  supply  of  a  town,  it 

Qsiinl,  Viith  a  view  to  tho  clearness  and  purity  of  the  ■water,  as 

11  as  to  the  preservation  of  tho  channel,  to  line  it  throughout 

hrick  or  stone  built  in  cement  j  and  iu  most  caaes  it  ia  ueces- 

to  cover  it  alao,  especially  if  it  tmveraes  districts  where  the  air 

smoky  and  otherwise  impure.     When  brick  or  porous  stone  is 

the  water-way  may  be  lined  throughout  -with  a  coating  of 

t,  calcareous  or  asphaltic 

I  water-way  of  a  stone  or  brick  conduii  should  be  made  of  one 
oee  forms  ■which  give  the  great^cst  hydraulic  mean  depth  for  a 
of  given  cbiss  and  a  given  area;  that  is  to  say,  the  somi- 
ile,  the  half-square,  or  the  half-hexagon,  already  roforred  to 
Article  451,  p.  688.  To  preserve  a  constant  detinite  tlo^w 
may  have  a  series  of  wast<vweirs  along  its  sides,  placed 
tions  -whei-e  there  are  convenient  channels  at  hand  for 
larging  the  ■waste  "water.  Should  it  be  neoessaiy  to  carry  it 
an  embankment,  that  embankment  should  be  formed  in  thin 
each  -well  rammed,  and  should  if  possible  contain  a  largo 
re  of  stones  with  the  eiu-th;  the  breadth  at  the  top  should  l>o 
4  to  6  feet  at  csacli  side  of  the  conduit,  so  that  the  total 
Ith  at  the  brink  of  the  conduit  will  l>e  =  breadth  of  water- 
ly  -f-  from  8  to  1 2  feet,  and  the  masonry  of  the  conduit  {:hould 
imbedded  in  puddle  or  in  hydraulic  concrete. 
The  best  form  for  a  covered  conduit  to  convey  a  constant  flow,  as 
\n  the  supply  of  a  town,  is  cylindrical.  To  guard  it  against  frost  it 
b<ml<l  be  completely  covered  ■with  earth  to  the  depth,  in  Britain,  of 
ibout  3  feet,  the  bank  being  faced  with  sods.  When  it  forms  a 
nnel,  or  is  placed  in  deep  cutting  and  covei-ed  with  earth, 
I  strength  is  regulated  by  the  principles  of  Article  2'Jl  A, 
433. 

One  of  the  largest  cylindrical  conduits  yet  exocnted  is  that  of 
(he  Loch  Katrine  Water- Works,  S  feet  in  diameter. 
A  covered   conduit   should   be   provided,  like  a  tunnel,   with 

EBted   ventilating  shafts,  which  -will  also  serve  to   admit  men 
r  the  purpose  of  repairing  it. 

When  the  flow  varies  very  much,  as  in  sewers,  an  egg-shuped 
jectiou  -with  the  small  end  down  is  i>referred. 

A  recent  invention  in  conduits  is  that  of  Mr.  Richardson,  in 
hich  a  cylinder  of  sheet  iron  is  lined  "with  brickwork  in  cement. 
t  is  suitable  for  making  large  conduits  possessing  great  strength 
d  stability  "with  a  moderate  quantity  of  materials. 
tlB.  SrnneOoom  of  WiiiCT^-cimniiciB. — In  all  cases  in  which  a  pair 
wat^r-clmaneh  join   together  into  one,  iWvc  ceotocft  \\a.v»^  "^ 
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the  joint  is  cotapleted  by  a  half-thimble  above.     Curved  and 

'!','led  junction -pieces  ai-o    made:  so  also    are   right-angled 

.-pieces;  but  these  lust  should  never  bo  used. 

IL  {.  'ewf  Iron  Pij)es  should  be  made  of  a  soft  and  tough  quality  of 

iron.    (See  Article  353,  p.  490.)   Gi*cat  attention  should  be  i)aid 

moulding  them  correctly,  so  that  the  thickuess  niiiy  be  exactly 

form  all  round.     Each  pijic  should  bo  tested  for  air-bubbles  and 

Vfs  by  ringing  it  with  a  liammer,  and  for  strength  by  exposing  it 

double  the  intended  greatest  working  pressure. 

C!a8t  iron  water-yiipes  are  made  of  various  diameters  or  bores, 

2  inches  to  4  feet. 
They  are  usurilly  moulded  and  ea.si  horizontally,  the  sand  core 
.g  supported  by  a  Htrong  horizontal  bar  with  projecting  teeth; 
advantages  in  point  of  accuracy  and  soundness  are  possessed  by 
e  process  of  casting  them  vertically,  the  faucet  being  turned 
k^mwards,  and  the  jdain  end  upwaixls.*  The  pipe  is  east  \v\i\\  an 
iditioual  length  at  the  upper  end,  which  acts  as  a  head  (Article 
54,  p.  503),  compressing  the  mass  below,  and  receiving  the  air- 
nbbles ;  this  head  is  ufterwatda  cut  oti'. 
The  rule  for  computing  the  thickness  of  a  pipe  to  resist  a  giveu 
OrkiDg  pressure  (the  factor  of  safety  being  *u.*)  has  ah-eady  beea 
Ivcu  in  Article  150,  equation  2,  p.  :i28,  the  pre.s8ure  and  the 
^^■fcity  of  the  iron  being  expressed  in  lbs.  per  square  inch ;  but  sis 
B  more  convenient  to  express  those  quantities  \vijhct  o/vxUet,  the 
illowing  rule  is  given : — 

thickness  _  greatest  working  pressure  in  feet  of  water     .-  . 


diameter 


12,0{)0 


There  are  limitations,  however,  atising  from  diffieidties  in  cast- 
as, and  from  the  fact  that  the  most  severe  strain  on  a  pi]}e  is  often 
iroduccd  by  shocks  frtim  without,  which  cause  the  thickness  of  cast 
ron  pipes  to  be  often  made  considerably  greater  than  that  givi-ti 
jy  the  above  rale.     The  following  empirical  rule  expresses  very 

;urately  the  limit  to  tite  thinness  of  eaat  iron  jnpea,  in  ordinaiy 
jractice : — 

The  (hiclcness  of  a  cast  iron  pi/ie  is  never  to  be  less  tlutn  a  mean 
jToportimuU  beticecn  its  internal  diameter  and  one-forlj/-eighlh  (fan 
heh. 

It  is  very  seldom,  indeed,  that  a  less  thickness  than  3-Sths  of  an 

cli  is  used  for  any  pijie,  how  small  soever. 

Cast  iron  ]>ipe8  are  made  of  vanous  lengths;  but  the  most 
Dommou  length  is  9  feet,  exclusive  of  the  faucet  or  liocket  on 
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consists  of  oaken  staves  about  3  inches  thick,  pocked  in  a 
form  round  the  interior  of  each  pipe.     It  is  likolv  to 
Itiating  than  an  outside  casing,  because  it  is  ooiuiUuitljr ' 
of  being  alternately  wet  and  dry. 


Sectios  V. — 0/  Syttem*  of  Drainage. 

470.   GeM«ml  PriDcit>lea  a*  lo  iMaA  Dntlaascy — The  01^ 

exiiniiuca  a  district  mth  a  view  to  tlic  imprnvenK^nt  nf  [\ 
requires  the  infoiiuutiou  rcsjtecting  the  feat  •  i 

of  the  district,  its  rain-fall,  and  the  course,  i J 

discharge  of  its  strejims.  which  liave  ali-ea«.ly  btx-u  b| 
Articles  4jG,  457,  and  408,  pp.  G'M  to  OOy,  and  in  Arti 
707.  In  Bomo  canes  it  is  necessary  Ut  attend  Co  th< 
whether  the  water  to  bo  carried  off  by  the  system  of  draii 
merely  fi*oin  the  aj>parent  gjithering-gi*otiud  liounded  bjr 
that  surround  the  district,  or  whether  some  of  it  is  Uroq 
district  thi-ough  porous  strata,  which  liave  their  gather 
wholly  or  jwirtly  beyond  such  ridges. 

Id  order  tlmt  a  district  may  be  in  a  perfect  state  as  U 
the  water-level  in  the  branch  drains,  which  directly  I 
discharge  of  the  field  drains,  sliould  be  at  lea8t  nbout  3 
the  level  of  the  ground  at  all  timca  When  it  r'uxa  i 
level  the  ground  becomes  awash  or  flooded,  accordiug  a&  i 
level  is  below  or  above  its  surface. 

Each  water-channel  must  have  sufficient  area  and  d«cH 
at  its  fullest  flow,  to  discharge  all  the  water  that  '■ 
as  such  water  tlows  in,  without  its  wator-lcvel  i : 
ob.struct  the  flow  of  the  bninches  it  receives,  or  to  h*v 

Shoukl  it  be  impossible  absolutely  to  fuliU  thts>e 
means  are  to  bo  taken  to  make  the  deviation  from  tb«m 
extent  and  as  short  in  duration  as  possible. 

480,  QiicatioiiB  a*  to  f  mprorcucni  wf  DmlMacr.—       '  \\ 

age  of  a  district  be  fmuul  defective,  thu  ouj^in 
have  to  confuder  questions  of  the  following  kind,  as  to 
such  defective  condition,  and  the  means  of  impi^)\:ij- 

I.  Whether,  and  to  what  extent,  it  is  pmrT 
or  prevent  floods  by  the  construction  of  store  n^- 

II.  Whether  the   channels  of  the   stniijua 
o!)st.niHions  sucJi  as  shelves  of  rock  or  other  slial! 

i-i,  i\l-dcs\g\viA.  >KW'ra  fliud  bridges.  A'o,,  audi 
( •-"  to  W  ttvttON  fcA-     TXaJv^  Xxws.-^  "wvs^Jvf*-  ■  ^  • 
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rncted  through  the  instiibility  of  their  beds,  and  how  sucli 
bbility  is  to  be  prcTeutetl. 

7.  In  the  case  of  a  Riualler  stream  having  too  little  declivity, 
:h  falls  into  a  larger  stream,  whether  that  declivity  can  bo 
tosed  by  diverting  the  course  of  the  smiiller  stream  bo  as  to 
»ve  its  outfall  to  a  lower  part  of  the  larger  stream. 
,  Wliether  the  course  of  a  atreain,  beiug  too  circuitous,  can  bo 
oved  by  a  diversion;  and  whether,  in  the  event  of  improve- 
\B  being  i*eqxiired  in  the  channel  of  a  stream,  it  Ls  liest  to 
ate  theui  in  the  exL^ting  chtuinel,  or  to  make  a  new  channel, 
pendently  of  the  question  of  circuitousnesj. 
il  the  precetling  questions  relate  to  matters  which  have  already 
treated  of  in  Sections  III.  and  IV.  of  this  chapter,  but  the 
nring  involve  subjecte  which  will  Iw  treated  of  in  the  ensuing 
les: — 

L  Whether  the  branch  drains  arc  of  sufficient  dischai^ging 
Bity. 

n.  To  what  extent  the  watc-r-channels  are  capable  of  acting 
jmporaiy  reservoirs  fur  modeniting  the  rapidity  with  which, 
-waters  dej^cond  from  them  into  lower  and  larger  channels, 
IIL  To  what  extent  the  lauds  adjoining  a  river  which  are 
B  to  inundation  act  in  the  capacity  of  a  reservoir,  and  what 
be  the  effect  upon  the  part  of  the  river  below  them  of  prevent* 
)r  diniinihhing  such  action. 

L  Whether  tlic  dminage;  can  be  sufficiently  improved  by  im- 
ements  on  the  water-channels  alone,  or  whether,  on  the  other 
[,  it  is  advi:iable  to  use  embankments  for  tho  continement  of 
is  within  certain  limits. 

SI.  DiacliarslBg  Cn|incUT  of  Brnttch  Druittn. — It'  the  rain-fall 
d  its  way  at  once  from  tli«  surface  of  the  gi-ouud  to  the  drains, 
of  theae  would  require  to  have  dimenaious  and  declivity  siifli- 
}  to  discharge  the  most  rapid  fall  of  rain  known  to  tjike  place 
ny  time  how  short  soever.  The  following  data  as  to  the  most 
I  raiu-fidl  in  Britain  are  given  on  the  authority  of  Mr.  Phillips; 
illustrate  how  the  greatest  rcUe  of  rain-fall  dimiuislics  accord- 
i  the  period  for  which  it  is  reckoned  is  increased : — 

Toul  depth  of  Rate  of 

Period.  Rairt-bU.  Batn-falL 

IncfaoL  locbea  per  Hoar. 

One  hour,  i       i-o 

Four  hours, 2       0*5 

Twenty-four  hoiurs,  5       0*2  nearly. 

10  soil,  however,  acta  as  a  sort  of  reservoir  to  an  extent  de\>end- 
a  its  texture)  it  keeps  irom.  the  dnuua  a\tog,"aXXie.x  ^  -^tWovv 
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the  ruin-fall,  which  puasea  oQ'  by  ev 
plants,    as   stated   in  Aitiek-  450,    \k 
rcniauitler  into  the  drains  iuoi«  or  l^iaa  yi-oJuiUIy. 
drains  in  country  drainage  should  Iw  made  cafxible  of 
at  an  uniform  rate  the  greatest  available  raiu-lall  knoVB 
place  in  a  period  whose  length  is  gnvitor  nrnrTrdiBig  as 
more  retentive.     It  is  probable  that  in  '*a  of  eoltiful 

fiee/iiy;/bur  Aoitr*  will  be  found  a  siiffi'  'i<?rt  period: 

each  drain  which  directly  receives  water  from  the  fields 
capable  of  discharging,  in  twenty-four  hours,  the  graUost  a 
rain-fall  of  twenty-four  hours;  for  steep  and  rocky  groi 
pei-iod  must  be  shortened,  In  some  cases,  it  i-^  >>'-'-Vbl«^ 
hours;  but  the  beat  method  in  each  case  is  to  as<  <•  p 

an  experimental  comparison  of  the  raio-lkll  wi  i , ,   ,  „ 
drains. 

482.  ^tctlaa  or  CluiuacU  aad  FI««Mlcd  V<«((tl*  a 
volume  of  the  space  contained  between  the  oi-dioaxy  WatOf 
of  a  given  portion  of  a  stream  and  the  flood-'waier  vaxttet, ' 
8uch  space  be  wholly  contained  between  the  batiks  n(  tbai 
of  tliM  sti-cam,  or  partly  I'  '  '  \-3  aod  (Sit 
adjoining  lands  liable  to  ii:  .:cs  a 
retaining  tlie  excess  o/ tlte  total,  a^  'U-sr  during  0  fi 
Jlood  Tain-fall  from  the  dintricf  iVy  tAat  portSom 
stream,  above  the  greatest  qvuntiii/  Umi  Uta  strtnni  it  eai 
charrjing  in  the  sanie  period,  until  the  flood  min-fall  is  ovo 
that  e.xcess  flows  away  by  degreeis.  Tlie  exj5tt«noc  of  UiaS 
room  thus  renders  sufficient  a  water-cJiaunel  uf  b-v*  disc 
capacity  than  woidd  othei-w  isc  1*  iicci»^^ry  ;  u;; 

room  is  diminished,  either  by  improrinf;  the  ch:<i ^ 

the  flood-water  surface,  or  by  contracting  the  flpaoe  by 
embankments,  care  should  be  taken  th.it  tli.    ,li.i/-b-.r,.;,.. 
of  the  channel  Mow  the  district  in  qi 
resjwnding  extent,  otherwise  the  eflecl   ..  . 
floods  in  that  district  may  be  to  increase  it 
down  the  river.     This  ia  one  of  the  reasoh.-  1   r    ■  m-    lu 
stated  in  Article  470,  p.  712,  that  works  of  river  im 
should  pi"oce€d  from  l)clow  upwards. 

483,  Bl*rr  Rmbnaliment*. — Whuu  thu    laiid  adjoioiilff  a 
cannot  be  siilHcieutly  guarded  from  inundalioo  * 
the  channel,  embaukinentfi   mjiy  be  erected.      I 
'•  I  aite  of  such  emb;' 
I                 -tA(.*«d  in  th'f  hint  ;ii 


the  itutunki  Liivike  u^  \,W  «.i!u«.uuA,  V^n'va. 
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sjiaoe;  and  whon  the  river  follows  a  seq>entine  course 

■  lA'oir-ivxtm  may  in  many  casos  bo  ])rovicKMl  liy  cftnyiog 

ibnnkuicnts  along  the  general  course  of  the  valley,  bu  as  td 

>9o  the  windings  of  the  stream  without  following  them,  nnd 

a  to  form  not  only  a  reserroir,  bat  a  wide  and  direct  clmnuel  for 

dijicluu-ge  of  floiDtls. 

Tho  tributaiy  stiTiims  which  flow  into  tho  mniu  streams  will  ia 

3nrnU    require  braiicli  i-mlwinkmeiits.     Whei*o  a  miiin  emljauk- 

lent  extends  for  a  lonf^r  distance  uuintemipted  by  a  tributary 

»ra,  the  land  ])rotected  by  it  ia  often  divided  into  portions  by 

icatM  of  branch  enibankincnts,  called  '■'land  armn,"  diverging  from 

Diaiu  emlmnkmtnt,  tlie  object  of  which  is,  that,  in  the  event 

A  breach  bein^  made  in  tlie  main  embankment,  the  intuuhition 

confined  to  a  limited  extent  of  ground.     These  "Iniid  urma" 

illy  run  along  the  boiimlaries  of  separate  holdings, 

jhitid  and  parallel  to  each  main  embaukmeut  there  runs  a  "  bnob 

in"  the  material  dug  from  which,  if  suit-able,  may  be  used  in 

ig  the  embankments     The  use  of  this  back  drain  is  to  act  not 

as  a  channel  for  the  dniinago  of  tlie  land  protected  by  tho 

ibaukment,  but  as  u  r<  ^'irvoir  to  collect  that  cU-iiinage  when  the 

r*er  i-H  ill  a  state  ol'  ilcnd,  and  its  dimensions  aiv  to  be  ivguhited 

iccoriljngly,     Tho  watiT»  of  the  back  drain  are  dischai-ged  into  tho 

river  (when  its  sm-face  is  low  enough)  thi-ough  a  series  of  |ii|)es  tra- 

rcrsing  the  embankment,  siud  having  flap- valves  oj)ening  outwanhs  to 

^1'l■t•^ '  iit^  the  return  of  wuter  from  the  river.     These  valves  are  made 

•  s  of  iron,  sometimes  of  wood;  one  of  the  most  efllcieiit 

uf  an  ii-on  grating  or  perforated  plate,  covei-ed  with  a  flap 

)f  vulcanizi:'d  indian-rubVjer.     As  to  the  comptitatiou  of  tho  time 

jmred  to  discluirgc  a  given  accumulation  of  water  fi'om  the  liack 

"j»in  through  a  given  outlet,  see  Article  455,  p.  691. 

lie  embankments  ai*c  to  be  made  of  clay  nvmmed  in  layers  one 
>t  deep,  or  therealxiuts.  When  of  moderate  height,  and  not 
icxposed  to  great  pressui-e,  they  may  have  slopes  of  li  to  1  or  2  to 
Jl.  When  tliey  are  liable  to  be  acted  upon  by  a  strong  current  they 
fehonld  be  pitched  with  stone,  or  otherwise  defended  like  river- 
iks  (Article  i&J,  p.  710) :  elsewhere  they  should  be  covered  with 
and  no  trees,  shrubs,  or  hedges  should  be  suffered  to  gi-ow 
them. 
4S4.  Tidal  t>mlHa8«  is  the  drainage  of  lands  which  are  above  the 
r-wat»?p-mark  of  ordinary  tides,  lUid  either  below  high-water- 
Ho  near  that  level  tiiat  tlieiv  tU-aiuago  waters  can  only  1h' 
1  d  in  certain  states  of  the  tide.  Such  lauds  are  defended 
inat  juundutiou  by  the  sea  by  means  of  embankments,  which  will 
Fttted  of  further  ou. 
beat  mode  of  dniioing  a  district  of  this  BOxV  i&  \^^  nisas^  c>\  ^ 
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cuatl  ezsee£zs  eccTbcoely  ^crcc^  rs.  vaii^a.  acis  alpaca 
xeaercoir  v>I  u  &  ffar'p=L  Tbe  r-.-c-fnET^r-rVrW  cc*  die  cud 
£z«(i  »>  &d  v>  c.~i  s^~>~'££.*  'iecxiTi^  tc-  diir  ccacca  ar&iadk 
■waier-leiyi  ■will  w  »i#:Te  iL*:  <:c  irT-Txrcr  ■:£  ceap  ti* 
€xt«x.s  cf  I- lata  pan  •:**  ibe  lie  •::  soi  ri>ies.  The  sj 
tu&ed  in  tbe  e&uu  betrcirn  kL-:4se  ItTt^I^  i*  :ce  j'hw..  i»jcr-rj 
ioasBodi  as  :be  I«i:g:L  az>i  de^^c  ct  iLa:  s^cice  u«  £x^  la 
midvar  berre^Ti  tL.>:«se  lerela  is  v>  c«  mAiie  scfciec:  to  si 
Toir-room  for  the  gm;es:  qmniirr  <.i  iininA;se  vac^r  t 
collecu  daring  oce  ride.  The  der-ch  •: :  the  cksal  mast  c« 
least  sa£cKiit  to  enable  the  vhole  of  tL&u  qr^ancity  of  va 
diMrbarged  in  the  internu  letveea  1  Lc-cr  Wtc-rv  acd  1  L' 
low- water,  the  mita-.\  nlociiy  cfcnimjUyic  \^\t-z  assomed  to  i 
equal  to  that  due  to  a  deciivirj-  t  f  the  height  between  l 
low-trater-levfels  in  the  whole  leii^th  of  the  canaL  ii 
hydianlic  mean  depth  when  fall  np  to  its  middle  water-kv' 
outer  end  of  the  canal  is  to  have  larsie  fi«>:>dgate»  ca 
thron-ing  its  whole  width  an<l  dei>:h  open  at  oucv  :  vr  a  r  -w 
iripbon-pi[je$!,  fiOa^ing  over  the  tiiLil  t-i;i'c<ar.kment.  and  Luvin:: 
apjMratuB  for  exhaustiDg  the  air  fp:iii  tkcir  «uuEii:s.    iScr^ 

4>5.  Itoal«a«e  br  PMpiaa  i-«  extt-K«:vrIy  t-:^:i..vvi  : 
below  high- water-mark,  tsit-ci:iily  iu  Holi:i:;..L  In' :' ru- 
winrlmilLa  wtre  chiefly  u<od  for  this  purpose,  but  now  i'.:i^ 
groat  extent  replaced  l-y  &team  engines.  The  mo>:  ».< 
mode  of  conducting  drainage  in  tliis  manner  is  to  provide 
room  for  the  greatest  floods,  and  pump  c>.u5tantlv  at  an 
rate.  To  provide  for  the  rt-p;iir  of  engines,  and  for  s 
Btoppages,  engines  are  to  W  kept  in  rt.>ier>-e.  of  ]viwtr 
from  one-half  to  the  M-hole  of  tlie  jwwer  of  those  that  a: 
work. 

480.  Towa  OraiMicr. — Plans  for  pystema  of  town 
rcfpiirc  to  be  on  a  larger  scjile,  and  to  have  cK»ser  con 
tlian  those  of  any  other  description  of  work.  (See  Art 
90.)  Tlie  discharge  to  be  provided  for  is  tlie  natural  d 
the  basin  which  the  town  occupies,  added  to  the  wai 
artificially  brought  into  the  town. 

Inasmuch  as  the  niiu-fall  in  towns  finds  its  wav  into  i 
almost  instantly,  their  dimensions  and  declivity  niust  l-e 
the  heaviest  rain-fall  in  a  short  jieriod.  Authorities  diti\ 
that  rain-fall  is  to  be  estimated  at  one  inch  or  at  /iaJr'-< 
depUi  per  hour. 

The  treatment  and  dis|)ogaI  of  the  drainage  of  towns,  a 
•  Oollect«d  "Vjy  meflLn&  q1  b.  «,>j«^>£\s2t  <n€  wiwers,  involves 


SEWERS — PIPE-DRAJNS. 


729 


487.  fcwei*.  oT  main  drains  of  towiis,  are  underground  aicbed 
■tick  conduitH,  designed,  laid  nut,  nnd  constructed  according  to  the 
■riuciples  nlready  exjiliiiuetl  or  rt't'tned  to  in  Artick's  47-t,  i'o, 
pfK  718  to  720,  As  to  their  strength,  see  Article  207  A,  p.  433. 
The  cross-soction  preferred  for  them  in  Britain  is  an  oval,  with  th» 
BnoU  end  downwards.  In  onlur  thnt  men  niny  be  able  to  enter 
them  for  purposes  of  cleansing  and  i-ejMiir,  no  sewer  should  have  a 
leas  breadth  than  2  feet. 

The  velocity  of  the  current  nhould  l^e  not  less  than  I  foot  per 
second,  or  more  than  nlxmt  4^  feet  per  second. 

As  to  the  druinage  of  streets  into  tlie  newers,  see  Article  417,  p. 
626.  Owing  to  the  quantity  of  mud  that  is  swept  into  aeweni, 
bejr  are  pecnliarly  liable  to  be  obstnicted  by  collections  of  sedi- 
lent :  these  are  swept  away  by  an  openitiou  called  Jliishing  or 
MtX(i7U7,  which  conwsts  in  placing  a  temporary  dam  of  timber 
ore  the  spot  where,  the  dcpisit  is,  so  as  to  collect  a  quantity  of 
iter,  which  is  allowetl  suddeidy  to  escape  with  great  sfieed  in 
tlpT  to  scour  aymy  the  dc'iK)sit. 

Aa  the  pipes  leading  into  the  sewers  from  the  channels  of  tho 
Keets,  and  also  those  from  the  houses,  either  are  or  ought  to  Ijo 
brapped"  by  means  of  valves  or  invertt^l  siphons,  so  as  to  prevent 
e  escape  of  foul  gas  from  the  sewers,  such  giis  must  have  <i[)eLing3 
orided  for  its  escape,  either  by  building  chimneys  for  tl»e  jmrpoae, 
by  connecting  the  sewer  with  existing  chinmeys.  PasHages  fotf 
le  admLs$ion  of  fresh  air  to  the  sewers  are  also  requiretl,  and  sub- 
^rtuuenn  entrances  with  trnp-doora  to  give  men  access  to  them. 


tto  the  use  of  "  side-trenches"  and  "subwaya,"  sec  Article  421, 
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629,  630. 
488.  ptpe-Draiiin. — The  earthenware  pi|>cs  nswl  for  drainage  havo 
Iready  been  described  in  Article  477,  ]>.720.  In  town  (h-ainage 
hey  sire  chiefly  used  for  tlie  brunch  dniins  leading  Imm  hou 
aid  from  the  adjoining  ground  into  the  main  sewens ;  and  the; 
teually  range  from  4  inches  t<i  18  inches  in  diameter,  according  to 
be  qnautitj'  which  they  are  to  discharge.  It  is  not  advisable  in 
\y  case  to  use  dniin-pi[>es  of  less  tlian  4  inches  in  <liameter.  They 
ould  all  be  laid,  as  far  aa  jjossible,  at  such  declivities  as  to  insure 
velocity  of  flow  of  4^  feet  per  second,  in  order  that  the  formation 
"  iposit  may  be  impossible ;  and  when  their  projwr  levels  and 
ties  have  been  determined  by  calculation,  great  care  should 
wed  on  seeing  that  they  are  accurately  laid  at  those  levels 
ieclivities:  the  smaller  the  diameter  of  the  pipe,  the  worse  ia 
eft'ect  of  any  inaccuracy  in  this  respect.  Obstructions  are 
;  likely  to  occur  at  the  junctions.  The  importance  of  making 
acnte-angled  ha-s  already  beeu  u\<i\vtvafted.*, 
9rea  at  curved  or  acute-anulcd  juncUotia  d< 
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on  tie  other,  and  with  a  moderate  amount  of  wast©,  the 
jxg  may  be  regarded  aa  fiiir  estimates  of  the   real   daily 
for  water  per  inhabitant  amongst  iuliabitautd  of  different 
Its  aa  to  the  quantity  of  water  they  consume,  (having  been 
erified  by  the  cxperimeut«  of  IMr.  J.  M.  Gale,  C.E.) 

Gallons  per  Day. 
Least.  ATcrage.  GieaUit 

Used  for  domestic  purposes, 7  10 

Wa»liing  streets,  extinguishing  fire»,  sup  ) 

plying  fountains,  d:c., I 

Ttiule  and  manufacturer, 7  7 

Total  usefully  consumed, 17         20 

Waste,  under  careful  regulation,  say 2  3 

Total  demand, i^        22 

A  liberal  supply  of  water  has  a  tendency  to  increase  its  use,  and 

the  same  time  to  bring  the  daily  consumption  per  licad  amongst 

B^brent  classes  of  persons  more  nearly  to  an  equality;  so  that, 

^^K  a  view  to  such  improvement  in  the  habitti  of  the  population, 

^^s  advisable  in  projecting  new  water-works  to  take  somewhat 

bore  than  the  highest  of  the  preceding  estimates  of  the  demand; 

bat  is  to  say,  about  30  gallons  per  head  per  day,  supposing  waste 

if  water  to  be  as  far  an  possible  prevented. 

The  quantity  of  water  run  to  Vi-aste,  however,  frequently 
Exceeds  enormously  that  :iUowed  for  in  the  preceding  estimate, 
hrutigh  ill-constructed  fittings  and  carelessness.  A  quantity  equal 
o  that  used  is  not  imcommon,  and  in  one  case,  whei'e  7  gallons 
rf  water  per  head  per  day  were  actxmlly  used,  18  gallons  ran 
)o  waste.  The  most  effectual  means  of  preventing  such  waste  ai-e, 
the  establishment  of  a  regulation  or  enactment,  that  domestic 
iratcr-tittings  shall  be  executed  to  the  satis&ction  of  the  engineer 
n  manager  of  the  water- works ;  the  carrying  oxit,  a&  far  as  practi- 
bble,  of  the  system  of  selling  water  by  measm-e  to  those  who  require 
t  for  other  than  ordinary  domestic  purposes  (as  to  water  meters, 
lee  Article  459,  p.  699);  and  the  prevention  of  excessive  pressure 
In  the  service-pi  lies  fiom  which  houses  are  directly  supplied. 

The  preceding  statements  have  reference  to  the  daily  demand. 
(Regard  must  also  be  had  to  the  hourly  demand,  which  fluctuates 
^ery  much  at  different  times  of  the  day,  chiefly  because  the  in- 
labitants  draw  nearly  the  whole  of  their  supply  for  domestic 
mrpoaes  dming  a  limited  number  of  hours.  It  is  estimated  th 
ie  most  rapid  draught  for  domestic  purpoaea  \a  ^t,  suj:\\  Si  ■raXfc 
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if  kept  up  conliniiouslj,  it  would  exLa«st  Uic  whtji     ' 
tLeae  j»iqK>ses  iu  8  hours;  tUat  is  to   eay,   tlir 
demand  for  doLuusLio  puvjNjiivs  is  thrve  lima  the    :i- 
demand. 

The  eflect  of  this  on  tlie  greatest  hourly  domati  ' 
13  to  luuke  it  ia  different  cases  range  from   twj 
avenige  liourly  deuiaud. 

i'Jl.    KBtinuttloa  of  Drmnnd  aa  t«  Ucn<t«— It    {•t    mnfli' 

the  hvad  of  pressure  in  each  of  the  sti-eet  xiv' 

flow  ia  most  rapid,  to  be  equivalcut  to  aii  clc\ 

ahove  the  toi>a  of  the  iiiljitiniug  liouses,  in  «>i 

most  stories  may  be  direc-tly  supplied,  and  Hi 

to  throw  a  jet  to  the  top  of  the  highest  buildijig  withuuc 

a  fire-engine, 

Tlie  n.'quired  virtual  head  iu  various  districts  of  the 
fixed,  till)  virtual  declivity  Irom  the  source  to  each  of  thuse  i 
to  be  made  si-s  nenrly  uniform  as  circumstjiuces  will  ti«nnii 
are  used  throiighouts    Should  a  conduit   l>e  usc<l    tl.i- 
distanee,  and  pifxjs  for  the  remainder,  the  pijxs 
steeper  virtual  declivity,  and  consequently  the  gi> 
total  virtual  fall  in  jaoportiou  to  their  length,  ii 
may  bu  smaller  than  the  conduit;  because  their  ti.-.L 
proportion  U*  their  hIzo  tlmn  that  of  the  conduit.      Xc 
can  be  Iftid  down  for  this  distribution  of  fall  K' 
conduit;  but  in  some  good  examples  the  virtu^^l 
pij>e8  has  been  made  eight  times  as  steep  as  the  u 
the  conduit     Ah  to  the  discharging  cajiacity  aic 
conduits  and  jiiix-s,  see  Articles  450,  451,   pp.   051  Iu 
Articles  474  to  478,  pp,  718  to  724. 

Iu  a  town  of  irregular  levels,  or  of  great  extent,  ^  * 
declivity  which  is  required   in  order  to  give   si; 
pressure  in  the  higher  parts  of  the  town,  or  in  tJ  i 
from  the  source,  may  give  excessive  pre««urt«  in  ih 
paits.     In  such  cases  the  excetisive 
and  distributing  pijjes  of  the  latter  ' 
any  convenient  means  of  causing  In 
as  pjtsaing  the  water  through  small  •  ; 
latter  being  the  mure  accurate  uiothfMl  m 

4'J2.  Oma^MMiU«n  Wairr  is  the  supply 
to  the  owners  and  occupiers  of  land  and  nn 
interested  in  the  sources  from  which  un.r  i 
town,  in  ovdct  tU^t  they  may  not  sir 
It  must  \>e  tt.V.  W>»,^  **^^«\  \>»  v\v^- 
ftVfuUv^Ae  £or  tWiT  \v«=,  V^'i<>TC  ■ 
eUb  tht'j  mvist  re'-ikivws  wj-q^y 
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e  only  metins  of  cnalliiig  a  source  of  water  to  supply  a  town, 
dea  pivn'idina:  the  landholders  with  conipenHntion  water,  jiocord- 
g  to  tlic  j>rt><'o<Iing  principle,  is  to  store  in  resen-oirs  and  discharge 
*'hy  di'ijrofs  the  Jlood-watefs  which  previously  lun  to  waste.  (See 
*Secti.>n  III.  of  tliw  chapter,  j».  6'J'J.) 

In  pitividing  the  daily  suivjily  of  compensation  water  to  which 
Ithe  IttDdholdera  on  the  coui-se  of  a  stream  are  entitled,  diUbrent  prin- 
ciples have  been  followed  in  different  casea     The  following  are 
of  them: — 
L  To  secure  them  the  average  summer  discharge,  exciiuive  o/ 
'*,  as  a.«!cei-tAined  by  gauging.     (As  to  the  distinction  between 
discharges  and  ordinary  dischai-ges,  see  Article  458,  p.  698), 

II.  To  give  them  a  proportion  tixed  by  ag^n-emcnt  (usually  one- 
fUrd,  or  thereabouts)  of  the  whole  water  iniponnded. 

In  .some  csiscs  a  special  an-augcment  lins  Ix-eu  come  to,  by  which 
be  landholders,  on  condition  of  a  certain  isupply  being  delivered 
town  the  stretiui  during  the  day,  have  agreed  to  a  less  supply 
leiiig  di'livered  during  the  night. 

III.  To  make  a  sj^eciu!  compensation  reservoir,  receiving  the 
lischorge  from  a  certain  proiwrtion   of  the  gathering-ground,  and 

hand  it  over  to  the  landholder},  to  be  managed  under  their  owa 
«»ntrol. 

The  usual  method  adopted  in  delivering  a  fixed  daily  quantity 
if  water  into  the  natural  channel  of  a  stream  is  to  constrnct  a 
aok  in  which  the  water  is  kejit  at  a  tixed  level  by  means  of  the 

Ke  or  sluices  thi^oiigh  which  it  is  supplie<l,  and  let  the  water 
out  of  that  tank  thiough  an  outlet  or  outlets  of  a  fixed  area 
figure,  under  a  fixed  head. 
•id 3.  IHornsc-Works  consist  of  i-eservoirs  with  their  appurtenances, 
described  in  Section  III.  of  this  chapter.  In  estimating  the 
.ent  of  gathering-ground  and  capacity  of  the  reservoirs  required, 
regard  must  be  had  to  the  demand  of  water  for  compensation 
(Article  492),  as  well  as  for  the  sujjply  of  the  town. 

In  most  cjises  in  which  a  town  is  su]iplied  from  works  of  this 
dass,  the  best  economy  consists  in  choosing  the  siteti  of  the  store 
reservoirs,  and  de.siguing  the  conduits  and  principal  main  pipes,  so 
Bs  to  supply  evcjy  part  of  the  town  l>y  means  of  the  gravitiition  of 
the  water  alone.  But  exceptional  cusea  sometimes  occur,  in  which 
great  saving  may  be  eflected  in  capital  outlay,  and  especially  in 
the  cost  of  conduits  and  pipes,  by  iucurriiig  a  comparatively  small 
additional  annual  expenditure  in  oi"der  to  supjdy  eomc  limited  dis- 
trict that  is  highly  elevated  above  the  rest  of  the  town  by  means  of 
pumping  steam  engine,  instead  of  giving  the  conduits  and  prin- 
cipal  amia  pipes  the  dinicnsiona  required  in.  otviet  \iO  wv^^Vj  \\i3sSt 
waited  district  hy  ^uvitation. 
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494.  npilBi«  in  manv  cases  are  so  variable  in  theii 
that  they  can  only  be  classed  amongst  tbe  sources  wh 
require  to  be  stored  in  a  reservoir.  But  occasionally  ) 
met  with  which  are  the  outlets  of  extensive  porous  strai 
underground  natural  resen'oirs  that  maintain  a  nearly  u 
charge  independently  of  artificial  storage.  (See  Article  4t 
When  the  waters  of  such  springs  are  diverted  from  the  sA 
which  they  naturally  flow  in  order  to  supply  a  town,  th 
summer  flow  of  those  streams  must  be  maintained  at  : 
volume  by  the  aid  of  the  flood- waters  of  a  gatbering-gnn 
in  a  reservoir. 

495.  RhroxWMki*— PMiapbi^ — ^A  large  river  may  be  ni 
supply  of  a  town,  independently  of  storage- works,  pn 
volume  of  water  brought  down  by  it  is  at  all  times  so  j 
the  temporary  abstraction  of  a  volume  suflScient  to  s 
town  will  cause  no  injury  to  its  na^agation,  or  the  intere 
inhabitants  of  its  banks. 

The  works  required  in  order  to  supply  a  town  fit>m  su 
usually  comprise  a  treir,  for  maintaining  jart  of  the  r 
nearly  constant  level  (Article  472,  p.  713);  two  or  mor 
pouiis,  into  which  the  water  is  conducted,  or  if  ii«'cts>;irv. 
or  otherwise  niisod  by  niiicliineiy :  filtoring  aj'i'iimtus; « 
ficient  establislmuiit  of  pumping  cuiriiu's. 

It  would  Ix?  foreign  to  the  plan  of  the  present  work  to  •■ 
detail^  as  to  the  construction  and  working  of  jtunipiu 
engines.  The  following  princij'ks,  however,  luust  l*  s 
specially  apjilicable  to  their  use  for  the  supply  of  a  towiL 

I.  Tlie  elective  poicer  required  to  be  in  openition  may 
putcd  in  foot-ixmnds  -per  hour,  by  multiplying  the  uxigl't ' 
to  Ik?  delivered  [ler  hour  by  the  tola'-  haul  at  the  engiii«s 
such  head  being  measui-ed  fn>m  the  level  of  the  water  in  i 
whence  the  engines  draw  it,  to  the  \nrtual  elevation  n?q' 
order  to  give  sufiicieut  head  in  the  town  and  sufficient 
declivity  in  the  princijuil  main  pijies.  To  find  the  tj(''<' 
power,  divide  the  efluetive  power  in  foot-jK-tunds  i<r  I 
1,980,000.  Tlie  iudicated  liorsc-poicer  is  about  wjcca'"^"" 
the  cflective  horse-jwwer. 

II.  lic.<crvc  potrcr  should  1)0  jirovided  to  an  amount  «]"! 
least  one-half  of  the  working  ]iower;  for  examj'le,  «if  thKf| 
of  equal  jwwer,  two  ai-e  tu  be  ke])t  at  work  and  tie  ^ 
reser\-e. 

III.  Atr-vessda  axv\  8tanJ-\ui)C3  are  contrivances  to  p"^ 
shocks  to  vr\a.A\  ^\e  \5v^*ri  NsvvaX^Xjt  ««gc«iA.\s^tlie  intf 
action  oi  t"\lCi  -^WTa^vs,  tt.Tk!\.\o  TwalvciXaxB.  «sv\a££$:scvs^\s9ik.^^ 

and  velocity  oi  fto^'  va^fe  ^\v». 
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air-vessel  is  an  air-tight  receiver,  usually  of  cast  iron,  aud  of 
l£gitre  of  a  cylinder  standing  vertictdlr,  with  a  hemisphorical 
wd  'bottom.     At  its  lower  end  ai-e   two  openings,  an  inlet 
h  which  water  enters  from  a  pump,  and  an  outlet  from 
the  water  is  dischai-jjed  along  a  pipe.     Its  upper  ftortion 
ins  compressed  air,  which  tends  continually  to  dimiuLjh  iu 

tity,  jKirtly  by  k-^ikage  and  partly  by  absorption  in  the  water, 

that  a  small  supply  of  air  Bnould  be  foi-ced  in  from  time  U> 
by  suitably  npparatus.  The  effect  of  the  air-vessel  in 
iting  fluctuations  of  pressure  is  expressed  by  the  following 


volame  c>f  air  in  the  vessel  :  volume  of  the  pump 
:  :  mean  head  of  pi-essure  :  greatest  fluctuation  of  the  head 

of  pressure. 

some  good  pmctical  examples,  the  capacity  of  the  air-vessel  is 
tjifi;/  times  that  of  the  pump. 

ftimjte  stand-piiie  is  a  vertical  cast  iron  pipe,  rising  a  little 
;hrr  than  the  elevation  due  to  the  head  of  pressure,  and  open  at 
top.  It  lias  at  its  base  an  inlet  through  which  it  receives 
ter  from  the  pumps,  and  an  outlet  or  outlets  through  which  it 
har^jcs  water  into  the  horizontiJ  supply-pipes.  Ita  sectional 
varies  from  once  to  twice  that  of  its  outlets,  or  thereabouts, 
equalizes  the  pressure  and  flow  evt-n  more  eftcctually  than  an 
1,  for  the  rapid  entrance  of  tiie  quantity  of  water  due  to 
e  of  a  pump  produce.s  but  a  slight  elevation  of  the  Eurfaee 
if  the  wat<T  in  tlie  stand-pipe  iis  compared  with  its  total  height. 
A  tloitJAe  stand-pipe  has  two  branchfs,  in  one  of  which  the  water" 
sends  from  the  pump,  while  in  the  other  it  descends  to  the  mains : 
kbe  two  branches  unite  at  the  top  into  a  vertical  stem,  which  is 
lypen  above.  This  construction  effects  a  constant  renewal  of  the 
mtter  in  the  stand-pii^e. 

In  estimating  the  dimensions  and  speed  reqtdred  for  the  piston 
planger  of  a  pump  that  is  to  deliver  a  given  volume  of  water 
a  glvfu  time,  it  Ls  usual  to  add  about  one^/lh  to  that  volume  as 
allowance  for  "  dip :"  that  is,  water  which  runs  back  through 
he  piimp-clacks  while  they  are  in  the  act  of  closing.     It  appeani, 
ver,  from  experiment,  that  in  the  best  pumps  the  slip  ia  not 
ically  appreciable.* 


'*Tbt  cost  of  pnmpinff  large  qnantitii'^  of  -water,  u  ucertalnal  from  the  accotat 
[of  the  expenditure  of  the  former  Glai^ow  Water- Works  (since  fup«rseded  by  Iho  ~ 
Latrine  Wnrkn),  duriiig  a  long  series  of  years,  was  at  the  rale  of  almost  cxac 
90,000 ^/mu  raueJonejoot/or  apmnif!  that  \9  la  Wj^  4,(iQQ,WiQ  JoiA-^<i«wU«t' 
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49C.  l^ell*  may  he  used  as  sources  for  a  s5U|»j)ly  of 
n  water-bearing  stratum  exists  into  which  tJiey  can  he 
water  in  such  a  strsitnm  has  always  cither  on  actual 
declivity  towards  the  place  where,  by  tl»e  outciv>p  of  tli' 
makes  its  eJK:ape  into  a  river,  or  into  the  sra.  Shoal 
bearing  sti^atnra  have  ita  gathering-gronnd  at  -  '  '  '■  ' 
should  it  be  covered,  in  a  di.strict  fiir  ibstATH 
by  an  i m jK'i-vious  stratum,  the  line  of  virtual  <i-.riiv 
above  the  surface  of  the  givund  in  that  district ;  so  th»l 
or  Binking  a  well  thn>ugh  the  im])er\'ii»H.s  61 
spout  up  in  }\  jet.     Such  \vp|ls  are  called  '*  \] 

other  csLses  the  line  of  viitual   or  actual   <!•  ' 

surface  of  the  ground,  and  tiie  water  must  1  ij 

(as  to  which,  see  the  preceding  article). 

The  i-aisiug  of  a  large  quantity  of  water  from  & 
stratum  has  always  the  offect  of  «lr  the  watc! 

extent  which  cannot  be  estimated  bri. 

The  quantity  of  water  which  a  water-bearing  stratui 
of  yielding  may  be  estimated  in  the  maimer  cxplaiurt 
456,  p.  GyG,  provided  tlie  position  and  extent  of  M 
ground  can  be  ascertuinetl ;  but  that  cun  seldom  bfl 
precision. 

In  sinking  or  boring  for  well  water,  it  is  io  geuenl 
prevent  the   suiftice  water  from  mixing  with  that 
This  is  done,  in  the  case  of  a  lv>ro,  by  lining  it  with  in 
in  the  case  of  a  fihaft,  by  lining  it  with  brickwork  Uid 

As  to  lioring  and  shaft-sinking,  see  Article  187» 
Ai-ticle  391,  p.  589. 

497.  The  PnrliT  of  Water  is  a  snbjt>ct  •  ''     '     '    the 
eiderution   lielongs   to   clieuiistry  and  j ':  vtH 

fngineering.     The  following  gfuienil  priucipl-^  Ixowi 
stated. 

For  purposes  of  cleansing,  cookery,  chci'  id 

the  Iwst  water  is  tJiat  winch  approaches  i.  ■  tkh 

Such  is  the  water  which  flows  from  muuuiitiit  dis 
granite,  gnei.s.s,  and  slate  pi-evail.  Such  wat<?r  osua 
largo,  quantity  of  diflused  oxygen  and  carb«>nie  acii 
most  wludesome  for  drinking,  and  tV.c  moi^t  iient 
whose  tiuste  <hH'8  not  preffr  a  certain 

The  mo.st  ooumnm  mineml  impuri 
nnd  ii-ou,  which  injure  it  for  all  jmiiJO-seB  ex* 
of  lime,  osiK'cinlly  the  bicarbonate,  an'  iIk-  >•• 
pf.perty   c.illfil  ""  hardnevi"      The 
l>ni<i\ii\  Ajy  5n\iJi\\^\Ai  \N\«t-«tt,iRT  (Ui  11,,...,.  ......  .,..^, 


in 


it  The  additional  lime  thus  added  combinea  with  oni 
"parboiiic  acid,  thus  becoming  chalk  itself,  nnd  reducing 

>Dato  to  chalk  also ;  and  t!to  clmlk,  being  insoluble,  settloa, 
k  the  water  softened.  This  is  Dr.  Clarke's  pi-ocesa  of  soften- 
f.  The  degrees  of  hardn&ss  of  a  sjM?cinieii  of  water  means 
per  of  gniins  of  chalk  which  the  lime  heW  in  solntiou  in 
I  of  the  water  (or  70,000  grains)  ia  ca]>able  of  forming, 
W  less  than  5  degrees  of  hardness  rasiy  be  considered 
lively  soft;  that  of  12  or  13,  as  decidedly  hard. 
Iters  collected  directly  from  gathering-grounds  arc  nstially 

gt,  those  of  rivers  harder,  those   of  springs  and  we 

"all. 

aage  waters  of  cultivated  and  populous  districts,  ani 
those  of  towns  and  their  neighbourhood,  are  to   be 
containing  organic  matter  in  the  act  of  decomposition, 

therefore  unwholesome,  and  sometimes  highly  dangerous. 

Hte  and  smell  of  a  per^u  accu^iitouied  to  di-iuk  pure  wnteMH 
Ihe  pure  air  may  in  general  be  relied  upon  for  the  dctectiol^H 
^escnce  of  impurities  in  water,  though  not  of  their  natur^^ 
(Ot;  but  in  persona  who  have  for  some  time  habitually 
kipure  water  and  breathed  a  foul  atmosphere  those  senses 
Runted. 

blearing  matter  of  peat  moss,  which  is  a  compound  of 
||Hth  oxygen  and  hydrogen,  unfits  water  for  many  manu- 
r  purposes.  It  does  not  render  it  unfit  for  di-inking,  unless 
in  considerable  quantity,  when  it  produces  an  unpleasant 
|f  taste ;  but  whether  that  substance  is  unwholesome  or  not 
Ibeen  ascei-taiued.  Its  appearance  is  strongly  objected  to 
khabitunta  of  most  towns.  Long  exposure  to  light  and  uir 
lit,  probably  by  oxidating  its  carbon. 

9ng-continued  action  of  oxygen  decomposes  and  destrnj-a 
blatter  in  water,  and  is  the  principal  means  of  purifying^ 
f  impure  water.     In  store  reservoirs  the  presence   of  ~ 
I  quantity  of  living  phints  ia  favourable  to  purity  of  C 
PDvided  there  are  also  animals  enough  to  consume  them, 
J  may  not  die  and  decompose,  and  that  n  proper  balance 
[amongst  animals  of  difFereut  kinds.     The  destruction  of 
I' in  a  reservoir  has  been  known  to  lead  to  an  excessive 
pation  of  the  small  cni.staceous  animals  ui>on  which  the  fish 

to  such  an  extent  that  the  water  acquired  a  nauseous 

)m  the  oil  which  those  minute  creatures  contained.     The 

ly  was  to  re-stock  the  reservoir  with  fish.* 

iiuo  ytaa  examined  into  and  reported  upon,  and  Uie  temed/  disoorerad 
jSogen. 

i  9b 
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Shallow   reservoirs   arc   nufnvoni-able     to    parity, 
•warmth  of  the  water  pnxluccd  by  the  sud'b  luAt 
gro^i-h  of  an  excessive  quantity  of  vegetataoo,  moat  of  i 
and  decomposea. 

On  the  subject  of  the  purity  of  water,  see  Dr.  R.  Angnj 
*'  Ecnort  on  the  Air  and  Water  of  Towns/'  in  the 
British  Association  for  1S51. 

i'j8.    Scttlias  *Bd  Flltnuioa. — A  store  resorvoir  p^nontlTr  r 

the  purpose  of  a  settling-pond  also,  to  clear  the 

matter  held  in  susjiension.     Water  puinpc<l  (Kau  n  ...^.  , 

requires  to  rest  for  a  time  in  a  settling-pond. 

The   water    both    of  rivera  and  of  gathen"'' nil« 

cases  requires    to    be    filtered.      A   filter-b>  lat 

consists  of  a  tank  about  5  feet  deep,  having  a  pa » i.ia  i « >i.<ora, 

with  open-jointed  tuhidar  drains  leading  into   m.   centr») 

the  drains  are  covex"ed  witli  a  layer  of  gravel  al>out  3  feet  d 

that  with  a  layer  of  sand  2  or  3  feet  deep.     The  waUT  ia  d 

upon  the  upper  suiikcc  of  the  sand  \ ' 

gradually  descends,  and  ia  collect^ 

culvert.     The  area  of  the  filter  should  be  s.u 

bo  filtered  may  not  descend  vei-tically  witli 

speed;  for  the  whole  efficiency  of  tlr 

its  slowness.     The  speed  of  vertical  " 

best  authorities  is  six  incfim  an  ftour;  iu  sofuu 

as  one  foot  an  hour  has  L)cen  used. 

There  should  be  a  sufficient  number  of  filter-bed- 
io  be  cleansed  whilst  others  are  in  use.     The  clcftn-     _,     , 
by  scniping  from  the  surface  of  the  sand  a  thin  layer,  in 
the  dirt  collects. 

It  appenrs  that  proper  filtration  not  muri'ly  removes  a 
impuiities  from  the  water^  but  even  organic  im}<tuitMi^  1^ 
their  oxidation.* 

i'30.  DbiribntUis-BiMiM  Mr  T*wa  Be«et«tt«r«M — It  hat  W 
plained  in  Article  490,  p.  730,  that  the  gnaUtt  Jtourig 
for  water  is  about  double  of  the  oxerag*  Iwurtp  demam 
which  it  follows,  that  the  pipe  or  conduit  which  «&r» 
plies  a  given  town,  or  part  of  a  town,  luost  havo  abooK 
the  discharging  capacity  that  it  would  require  if  tho  hooilgr 
were  uniform. 

The  great  additional  exponse  which   this  would 
principal  conduits  and  main  pipes  is  saved  hj  the  tue  of 
hagint  or  toum  re»ervoir$. 

A  distributing-basin  for  a  givmi  district  ia  a  amall  n 

ca^Mi\Ae  ot  cou^JBAtmv^  «. -vtAxxoui  of  •water  at  Imti  equal  to  til 

(  %D  tA  t\ie  duenvmu^  lent  ^«uV£x  «S>xTU[y^>i^is;s«bViT<as^  ^  tt%^  ' 
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ch  demftnd  pxceeds  the  average  rate  above  a  supply  daring 
le    same    time    at    the    average   rate.     The  emallest  capacity 
irbich  will  ecublc  a  diatributing-baain  to  fulfil  that  coadibion  ia 
TOt  one-half  of  the  daily  demand  of  the  diatrict  to  which  it 
tlongs;  but  to  provide  for  unforeseen  contingencies,  it  may  ba 
^nde  to  contain  a  whole  day's  demand,  or  even  more.     It  is  sup- 
plied with  water  at  an  uniform  rate,  by  a  principal   main  pipe, 
1 1  thus  only  needs  to  be  made  capable  of  supplying  the  average 
ly  demand,  the  distributing-pipes  alone  requiring  to  bo  adapted 
Ui  tlie  greatest  hourly  demand.      During   the  night,   when    the 
sujjply  exceeds  the  demand,  the  water  accumulates  in  the  distribut- 
ing-lHtsin;  during  the  day,  when  the  demand  exceeds  the  supply,! 
tbat  accumulated  water  is  expended. 

The  area  of  a  distributing-basin  should  be  such,  that  the  variation 
of  ita  water-level  may  not  cause  an  inconvenient  variation  of  the 
bead  of  pressure  in  the  pipes,  nor  in  their  virtual  declivity. 

It  may  be  built  and  paved  with  masoniy  or  brickwork  lined 
rith  cement,  in  which  caae  the  stability  of  its  walls  will  depend  on 
llie  principles  cited  in  Article  465,  p.  707  ;  or  it  may  be  made  of 
rectangular  cast  iron  plates,  flanged  and  bolted  together,  the  op- 
jxtsite  sides  of  the  reservoir  being  tied  together  by  raeans  of  iivroughti 
iron  rods,  to  enable  them  to  resist  the  pressure.  The  figure  ia 
plan  will  in  general  be  regulated  by  that  of  the  site ;  but 
tlje  engineer  be  free  to  choose  any  figure,  the  circular  fi, 
obviously  the  best. 

The  elevation  of  the  site  should  be  such  as  to  command  the  dis- 
trict to  be  supplied  from  the  basin,  according  to  the  principles  of 
Article  491,  p.  732,  and  it  should  be  as  near  that  district  as 
dble. 

Every  diatrilrating-basin  should  be  roofed,  that  the  water  maybe 
protected  against  heat,  frost,  and  the  dust  and  soot  which  float  iu  [ 
the  air  of  populous  districts.  The  most  efficient  protection  against 
heat  and  frost  is  that  given  by  a  vaulted  roof  of  masonry  or  brick, 
^covered  with  asplialtic  concrete  to  exclude  soriace  water,  and  with 
ro  or  three  feet  of  soil,  and  a  layer  of  tur£ 

When  water  is  brought  to  a  city  from  a  great  distance,  it  may 
be  u.st;ful  to  construct  in  the  neighbourhood  of  the  city  (should  the 
ground  aflbrd  a  suitable  site),  a  large  town  reservoir  or  auxiliary 
store  reservoir,  capable  of  holding  a  store  of  water  for  about  a 
month's  demand,  to  be  used  in  the  event  of  an  accident  happening 
to  the  more  distant  part  of  the  main  conduit,  until  the  danuige  it 
repaired.  Fi-om  that  reservoir  to  the  town  the  main  pipes  may 
form  a  double  line,  so  that  in  the  event  of  a  failure  of  one  line,  a 
sapplr,  althongh  a  diminished  one,  may  be  conve'j^d.  th.vow'j.Vv.  ^• 
_pther  liac    until  the  lirst  line  is  repaimL     T^ift  c»\i£VTniK,'w 
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Buoli  an  auxiliary  store  reaervoir  will  in  gt.>nenil  be 

of  the  reservoira  descriljcd  in  Section  III.  of  tliifi  chapter. 

500.  ]>ucrtbatlii8«Plpe«  niiist  be  a<lapted  to  tlic  tfrtateti 
demand  for  wattT,  and  to  the  i-cquisite  head  in  the  «ttl 
already  explained  iu  Articles  4t>0  and  491,  pjx.  730  to  733.     ] 
cities  the  total  length  of  distributing-pipes  re^nired  t«  nV>out« 
every  2,0UU  or  3,000  inliabitanta.    Thesmali  rhe 

in  general  is  the  ptoporlwnate  extent  of  dj>  va 

The  distributing-piijes  which  are  laid  fil  a 

AS  maina  and  eervice-pijiea;  the  chief  diatin  ,  n 

either  conveys,  or  is  ctipable  of  conveying,  water  along  a  s| 
some  place  beyond  it;  while  a  service-pi jie  is  a  bnuich  dii 
from  a  main,  in  order  to  supply  a  single  or  double  row  of  Imi 
In  wide  streets,  and  in  those  of  great  traffic,  it  is  best  to  ha' 
service-pipes,  one  for  each  side,  in  order  that  they  may  b# 
as  to  bo  acce^ble  without  interrupting  the  traffic  of  f  1i.>  str« 
Article  421,  p.  G29),  and  iu  order  that  the  houae  v  4 

be  as  short  as  possible,  and  may  lie  aa  little  as  pofsoi  i^^o  .^v' 
carriage-way. 

When  a  general  rate  of  virtual  declivity  has  bem  fixed  i 
distiibuting-pipcs  of  a  town  or  of  a  district  of  a  town,  « 
diameters  of  the  more  important  mains  have  been  oompoted 
proper  formula,  those  of  all  branch  mains  and  senrioe-p(| 
eaiiily  deduced  from  them  by  the  rule,  that,  '  '  ij  ■ 
declivities,   the  diametera  of  pipes  are  to  be  j  ail 

squares  of  Ute  JtjUi  roots  of  the  quantities  of  water  that  thef 
convey. 

When  a  pipe  of  uniform  diameter  has  a  series  of  bmncbe* 
ing  from  it,  so  that  the  flow  of  water  through  it  beoome*  ]t 
less  at  an  uniform  rate,  until  the  pipe  terminates  ut 
the  virtttal  declivity  goc-s  on  diminishing,  being  proportioMtl 
square  of  the  distance  from  tlte  dead  end;  the  exc««8  uf  Um  I 
any  point  above  the  head  at  the  dead  end  is  proprirtional 
cubit  of  the  dUtance  from  t/i«   dead  end;    anu    tbo    total 
fiiU,  from  the  commencement  of  the  pii>e  to  th»-*  ^\^•n.\  anii, 
third  of  what  it  would  Lave  been  had  the  whol «  v  oif 

flowed  along  the  pipe  without  diverging  into  !ir.^ ,,.lv 

All  dead  etidi  of  pipi'H  should  be  piT>vidod  with  fcomrhti^ 
which  sho\dd  be  opened  from  time  to  time  to  prevent  lli* 
lation  of  deposit  there.  Pipes  shoald  be  laiil  out  atui  c 
with  each  other  so  a.q  to  have  as  few  dead  ends  aa  poMiU 
with  that  view  it  is  desirable  that  senico-pipca  «HwiM,  if 
cable,  be  connected  at  Iwth  euda  with  main& 

The  use  of  loaded  valves  to  mo«lorate  prcaaurv  baa  alrm 
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'  The  ^stem  called  tbat  of  constant  aerviee,  according  to  which  all 
ibuting-pipea  are  kept  charged  •nnth  water  at  all  times,  is  the 
heety  not  only  lor  the  convenience  of  the  inhiibitants,  but  also  foi 
the  durability  of  the  pipes,  and  for  the  purity  of  the  water;  for 
pipes,  whcu  alternately  wet  and  dry,  tend  to  rust;  and  when 
emptied  of  water,  they  are  liable  to  ct>llcct  rust,  dust,  coal-gas,  and 
the  effluvia  of  neighbouring  Bewei-s,  which  are  absorbed  by  the 
water  on  its  re-adinissiou.  In  order,  however,  that  the  system  of 
oonstant  service  may  be  canded  out  with  efficiency  and  economy,  i^ 
is  necessary  that  the  diameters  of  the  pipes  should  be  carefuU) 
acla]>ted  to  their  discharges,  and  to  the  elevation  of  the  district 
vrliic-h  they  are  to  supply,  and  that  the  town  should  be  sufficiently 
provided  with  town  reservoira  When  these  conditions  are  not 
fulfilled,  it  may  be  indispensable  to  practise  the  system  of  inter- 
fniUfnt  service,  especially  as  regards  elevated  districts ;  that  is  to 
•ay,  to  supply  certain  distrii^ts  in  succession,  during  certain  hours 
of  the  day.  The  adoption  of  this  system  makes  it  necessary  for  the 
inhabitants  to  have  cisterns  in  their  houses  for  the  purpose  of 
holding  the  daily  store  of  water-     In  the  poorer  districts  of  toi 

it  is  often  ad\*isable  to  have  one  large  tank  for  a  group  of        

boir»es,  instead  of  a  cistern  in  each  house;  the  tank  may  be  under 
the  contwl  of  the  water-work  officials,  and  may  be  filled  once  a 
day,  and  the  householders  may  be  sup|iHcd  from  it  through  small 
pil>es  constantly  charged,  and  may  thus  have  the  convenience  of 
constant  service  although  the  supply  to  the  tank  is  intermittent. 

■5UU  A.  On  the  subject  of  the  collection,  conveyance,  and  dis- 
tribution of  water  generally,  special  reference  may  be  made  to  the 
works  of  Du  Buat,  M.  D'Aubuisson,  Mr.  Nfc\'ille,  and  Mr. 
Downing,  On  Hydraulics;  Tredgold's  Uydravlic  Tracts;  Mr. 
Beardmore's  Hydraulic  Tahles;  Professor  Becker's  "  Wasserbau;" 
and  Dr.  Hagen's  "  Handbueh  der  Wtisaerbaukunst"  (Kbnigsberg, 
1853  to  1857);  and  on  that  of  the  water  supply  of  towns,  to  the 
Farliamentary  Reports  on  tho  siipply  of  water  to  the  nietroijolis, 
and  to  the  Reports  of  the  Board  of  Health  on  the  same  subject. 

Al>nKirt>L-»  to  Article  484,   p.  728.— aipkeaa  for  Tidal  DnUMSie, — The 

watcra  of  the  Middle- Level  JDndoage  Canal  are  ditcbarged  or«r  the  top  of  an 
•mbankment  throu;;h  sixteep  panllel  dphons,  each  of  84  feet  bore  and  1^  inch 
thick.  The  sammits  of  the  iiphona  are  20  feet  above,  and  thdr  lower  ends  1^  foot 
below,  low  water  of  spring- tides.  They  have  flap-valves,  opening  down  itreanit  at 
both  ends;  the  lower  ralvo  can  be  made  fast  with  a  bridle  when  required.  The 
air  ia  exhansted  from  their  summits,  when  required,  by  an  air-pump  having  three 
c}'lindera  of  15  iDche.t  diameter  and  18  inches  stroke,  driven  by  a  high-prBSSure 
ktcsm  engine  of  ten  horse  power.  The  tloor  of  the  canal  at  tho  inlets  and  outleta 
is  prutected  by  a  wooden  apron.  (J.  Uawlubaw,  C.K.,  F.R,S.,  ia  the  frocetdingt 
of  the  Imtiluiion  of  Civil  En^tueri,  April.  1863.) 
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OHAPTEB  m. 
OF  WOBKS  OF  ini.Ain>  HAVIOAraOV. 

Sectiok  1.— Of  Canals. 

ffOl.  Cteaala  CfaMMd — BrieeU—  af  Iiiae  wad  I^rala. — CaiuJs  I 
be  divided  into  three  classes — 

L  Levd  Canals,  or  Diich  Canals,  conaisting  of  one  reaek  or  jm 
which  ia  at  the  same  level  throughout.  The  most  eoonom 
course  for  a  canal  of  this  sort  is  obviously  one  which  nearly  fdli 
a  contour-line,  except  where  opportunities  occur  of  saving  expe 
by  crossing  a  ridge  or  a  valley  so  as  to  avoid  a  long  circuit. 

II.  Lateral  Canals,  which  connect  two  places  in  the  same  val 
and  in  which,  therefore,  there  is  no  summit  level,  the  fall  tai 
place  in  one  dii-ection  only.  A  lateral  canal  is  divided  into  a  se 
of  level  reaches  or  ponds,  connected  by  sudden  changes  <»f  level 
which  there  are  either  single  locks  or  flights  of  locks,  or  sc 
other  means  of  transferring  boats  &om  one  level  to  another.  ' 
"lift"  of  a  single  lock  ranges  from  2  feet  to  12  feet,  and  is  n 
commonly  8  or  9  feet.  Each  level  reach  is  to  be  laid  out  on 
same  principles  with  a  level  canaL  In  fixing  the  lengths  of 
reaches  and  the  positions  of  the  locks,  the  engineer  should  h 
r^rd  to  the  fact  tliat  economy  of  water  is  promoted  by  di^tribut 
a  given  fall  amongst  single  locks  with  i-eachos  between  them,  rat 
than  concentrating  the  whole  fall  at  one  flight  of  locks. 

III.  Canals  with  Summits  have  to  be  laid  out  with  a  vien 
economy  of  works  at  the  passes  between  one  valley  and  auoi; 
and  with  a  view  also  to  the  obtaining  of  sufficient  supplies  of  y. 
at  the  summit  reaches.  The  subject  of  the  suj>plv  of  vatrf 
canals  will  be  considered  further  on. 

502.  Verm  and  Dhnenalaaa  mt  VTater-way. — Although,  for 
sake  of  saving  expense  in  aqueducts  and  bridges,  short  p«»rti<ai 
a  canal  may  be  nmde  wide  enough  for  the  passjigo  of  one  boat « 
the  general  width  ought  to  be  siilEcient  to  allow  two  boats  to  j 
each  other  easily.  3^e  depth  of  water  and  sectional  area  of  tnJ 
way  shotdd  be  such  as  not  to  cause  any  material  increase  of 
resistance  to  the  motion  of  the  boat  beyond  what  it  would  «■» 
tec  in  open  w&^at.'   TVv«>  is^\L<^^nn^  are  the  general  raI«B  wiikkiii 
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Breadth  at  Bottom  =  2  x  greatest  breadth  of  a  boat, 
rt  Depth  of  Water        =  1^  fix)t  +  greateat  draught  of  a  boat. 
^  Area  of  Water-way  =  6  x  greatest  midship  section  of  a  boat 

The  bottom  of  the  water-way  ia  flat.  The  aides,  when  of  earth 
rhich  is  generally  the  case),  should  not  be  steeper  than  1^  to  1; 
"vheu  of  musomy,  they  may  be  verticaJ;  but,  in  that  case,  about  3 
^eet  additional  width  at  the  bottom  must  be  given  to  enable  boats  to 
«ltTar  each  other,  and  if  the  length  traversed  between  vertical  sides 
is  gi"fait,  as  much  more  additional  width  as  may  be  necessary  la 
or^liT  to  give  sufficient  sectional  area. 

The  customary  dimensions  of  canal-boata  have  Iwen  fixed  with  a 
new  to  horse-haulage.  The  most  economical  use  of  hor8e-|K)wer  ou 
*  canal  is  to  draw  heavy  boats  at  low  speeds.  Tlie  heaviest  boat 
that  one  horee  can  draw  at  a  speed  of  from  2  to  2^  milos  an  hour 
Weigks,  with  its  cargo,  about  105  tons,  is  about  70  feet  long  and 
feet  broad,  and  draws  about  4^  feet  of  water  when  fully  loaded. 
Her  boats,  which  a  horse  can  draw  at  3^  or  4  miles  an  hour,  are 
'  abont  the  same  length,  G  or  7  feet  broad,  and  draw  about  2^  feet 
'  vatcr. 

Coats  of  the  greater  breadth  above-mentioned  can  eaailybe  adapted 
the  various  metliods  of  propulsion  by  steam,  whether  by  ineaus 
the  screw  propeller  or  the  war|>ing  chain,  or  fixed  engines  and 
idless  wire  i*opes  (Mr.  LiddoU's  system). 
Ordinary  canab  are  suited  to  boats  such  as  the  above.  A  larger 
da&i  of  equals  are  suited  to  sea-going  vessels. 

The  fallowing  are  examples  of  the  extreme  and  ordinary  dimcn- 
}ns  of  cauab: — 

Breadth  Breadth  Depth 

tt  Bottom.         at  Top-water.  or  Water. 

Small  canal,. 12  feet, 24  feet, 4  feet 

Ordinary  canal,..,.  25    „     40    , 5    „ 

Large  canal 50    „     ......110    „     20   „ 

^jft03.  Co««irNcii«a  of  «  Caaai. — The  least  expensive  parts 

are  those  iu  wliich  the  upper  part  of  the  water-way  is  oon- 

jnwl  between  two  embankments,  and  the  lower  part  in  a  cutting, 
the  earth  dug  from  which,  together  with  that  dug  from  the  side- 
drains  at  the  foot  of  the  outer  slopes,  is  just  sufficient  to  form  tho 
onhankments. 

All  canal  embankments  should  be  formed  and  rammed  in  thin 
layers.  (Article  203,  p.  341.)  Tho  width  of  the  embankment 
which  cairies  the  towing-path  ia  usually  about  12  feet  at  the  top; 
ihitt  of  the  opposut^  embankment  at  least  4  feet,  and  sometimes  6 
feet  Each  embankment  hoa  a  vertical  puddle  wall  in  its  centre 
from  2  to  3  feet  thick. 
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In  cutting,  there  should  be  a  bench  orberm  of  12  or 
at  one  aide,  for  the  to>ving-path,  and  on  the  ojn«osite  i 
about  3  or  4  feet  wide  at  the  same  levd.  At  the 
Hlopcs,  which  terminate  at  those  benches,  there  are  a 
drains,  as  described  in  Article  193,  p,  SS,').  Tlie»« 
discharge  their  water  at  intervals  into  tho  canal  throng 

The  surface  of  the  towing-path  ii?  nsually  about  2  fd 
water-level.  It  is  made  to  slope  slightly  in  a  dinsctiol 
the  canal,  in  order  to  give  a  better  foot-hold  for  the  hd 
draw  in  an  oblique  direction. 

The  slopes  are  to  be  pitched  with  dry  stone  from  fl 
thick. 

Occasionally  it  may  be  necessary  to  line  a  canal  wi 
or  to  face  the  sides  with  rows  of  sheet-piling,  in  order  t 
water. 

Natural  water-courses  are  to  be  carried  below  the 
of  bridges  and  culverts,  and,  if  necessary,  by  invcrt«< 
masonry  or  iron.  Where  such  water-courses  are  aboFCj 
the  caual,  their  waters  may  be  partly  used  for  supplj 
means  shmiUl  be  provided  for  carrying  such  waters 
the  canal  when  required. 

Each  i-ench  of  a  canal  should  bo  provided  with  n 
KuitaVilo  positions,  to  prevent  its  waters  from  rirfng 
level ;  also  with  sluices,  through  which  it  may  be  whoU; 
water  for  purposes  of  rejmir;  and  in  a  reach  longer  tha 
'>r  thereabouts,  there  niny  be  stop-gates  at  inter\'al«, 
<li%-LBion  of  the  reach  may  be  emptied  at  a  time,  if  nec« 
rectnnn^ular  channel  under  a  bridge  or  over  as  aqucdacd 
place  for  such  gates. 

Leaks  in  canals  may  sometimes  be  stopped  bysbakioi 
clay,  lime,  chafT,  itc,  into  the  water.     The  particles 
the  leaks,  which  they  eventually  choke  by  their  accuro 

•'i04.  Canal  Aqnrdacfa  aad  FUrd  Bridgn. — A  CaM 
like  the  aqueducts  for  conduits  already  mentioned  in 
J).  720,  is  a  bridge  supporting  a  water-channel.  Th 
channel,  for  economy's  sake,  is  usnally  made  wide  enoi 
boat  only.  Its  bottom  is  flat,  or  n«irly  so;  its  s-idoa 
slightly  battering.  In  aqueducts  of  masonry,  the  <ot( 
of  material,  from  the  side  of  the  trough  to  the  face  of  t 
wall,  is  usually  4  feet  at  least  at  the  side  furthest  from 
jmth;  at  the  towing-path  side  it  is  sufficient  f—  ' 
from  G  to  10  feet  wide,  and  a  jjampet  from  15  t 
In  Telford's  cast  iron  aqueduct,  known  as  ' 
cbanne\  \a  «u Tecta^vwlar  trough  of  cast  iron,  sn; 
««gmeu\a\  oc^^e^  1^*  «>S.  V^  \««it.  'e^ro^.   TW  troagJi  u 
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;1i  of  the  bridge,  about  12  feet,  and  the  towing-path,  5  feet  8 
khes  wide,  covers  part  of  the  ti"ough. 

Xhe  pmiciple  of  the  svitpension  bridge  is  peculiarly  well  adapted 
aqueducts,  because,  as  each  boat  displaces  its  own  weight  of 
iter,  the  only  disturbance  of  the  uniform  diatrilmtion  of  the  load 
that  aiising  from  the  passage  of  men  and  horses  along  the 
visg-patL  An  aqueduct  of  this  sort,  designed  by  Mr.  Koebling, 
di  seven  spans  of  1  GO  feet,  carries  a  canal  1 6  feet  wide  and  8  feet 
Bp,  over  the  All^hany  River  at  Pittsburg. 

Fixed  bridges  over  canals  require  no  special  explanation,  except 
stato  that,  in  the  older  examples  of  them,  tJie  water-way  is 
ptractetl  so  as  to  admit  one  boat  only,  and  tlie  towing-path  is 
ly  G  feet  wide,  or  thereabouts,  the  hea(ht)om  over  it  being  aVwut 
feet.  Sometimes  the  archway  admits  the  water-channel  alone, 
die  the  towing-jrtith  ascends  to  the  approach  of  the  bridge  and 
Keuda  again,  the  tow-rope  being  cast  loose  while  the  horse  passes 
USr  As  to  bridges  for  carrying  railways  over  canals,  see  Article 
5,  p.  6G3. 

TunneU  for  canals  usually  have  the  water-way  and  towing-path 
dtractod  as  already  described;  and  sonietLmes  the  towing-jjath  ia 
jpensed  with,  the  boats  being  pushed  through  by  means  of  jxiles, 
by  the  hands  and  feet  of  the  boatmen,  with  the  aid  of  notches 
the  brickwork,  or  by  means  of  the  various  methods  of  steam, 
opulsion. 

6Q5.  norrabie  Bridge*  cross  a  c&nal  near  its  water-level  are 
ide  of  timber  or  of  iron,  and  are  capable  of  being  opened  so  as  to 
ive  the  navigation  clear,  and  closed  so  as  to  form  a  passage  for  a 
ftd  or  railway  by  one  or  other  of  five  kinds  of  movement,  viz., 
I  By  turning  about  a  horizontal  axis;  11.  By  turning  about  a 
^ical  axis;  III.  By  rolling  horizontally;  IV.  By  lifting  verti- 
lly;  V.  By  floating  in  the  canal.  As  regards  the  adaptation  oi 
p  strength  and  stiffness  of  a  moveable  bridge  to  the  greatest  load 
bich  it  has  to  bear  when  closed,  it  differs  in  no  respect  from  n 
ted  bridge.  But,  besides  having  the  sti-cngth  and  stiffness  required 
a  fixed  bridge,  it  must  fulfil  some  other  conditions,  which  aro 
follows : — If  it  turns  about  an  axis,  it  niu.'it  be  so  balanced  that 
I  centre  of  gravity  shall  always  lie  in  that  axis;  if  it  rolls  back- 
fcrds  and  forwards  it  must  be  so  balanced  that  its  centre  of 
^vity  shall  always  lie  over  tlje  base  or  platform  on  which  it 
ps :  in  either  of  those  cases  it  must  have  strengtii  sufiicient  to 
|)port  BJilcly  the  overhanging  part  of  its  own  structure,  when 
|)rived  of  direct  support;  if  it  ia  lifted  vertically,  it  must  be 
ibnterpoised ;  and  if  it  is  carried  by  a  pontoon  or  float,  that  float 
list  displace  a  mass  of  water  equal  in  weight  to  the  bridge,  an^ 
fesi  have  BuIEdeat  stability. 
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L  A  bridge  idiich  tnms  about  a  hoiiamial  tada  near  ai 
its  span  is  called  a  draw-bridgt.  It  is  opened  by  beiii{ 
into  A  vertical  poBition  hj  means  of  a  poniom  driving  a 
sector.     It  is  best  suited  for  small  spans. 

IL  A  bridge  which  tons  about  a  vertieal  axis  is  i 
meing-hridge.    Its  principal  parts  axe  as  follo-ws : — 

A  pier  of  masoniy  or  iron,  supporting  a  areolar  base-pfa 
diameter  equal,  or  neariy  equal,  to  the  breadth  of  the  bri^ 
base-plate  has  a  pivot  in  the  omtre^  and  a  circolar  race  or  t 
rollers  zound  the  circumference,  as  in  a  railway  turntable : 

A  roller  ficame  turning  about  the  oentral  pivot^  with  i 
conical  rollers  resting  on  tiie  race : 

A  circular  revolving  platform  resting  on  the  pivot  and  rol 

A  toothed  arc  fixed  to  the  revolving  platform,  with  i 
wheel- work  for  giving  it  motion: 

A  set  of  parallel  girders,  resting  on  and  fiutened  to  the  re^ 
platform,  of  the  strength  and  stifbess  required  by  the  pri 
already  stated,  and  suppoi*ting  a  roadway. 

The  ends  of  the  superstructure  are  bounded  by  arcs  of  i 
described  about  the  axis  of  motion,  and  the  ends  of  the  road 
the  approaches  must  be  formed  to  fit  them.* 

III.  A  rolling  bridge  has  a  strong  frame,  supported  by ' 
upon  a  Hue  of  rails,  and  having  an  overhanging  ]K)rtion  soi 
to  span  the  water-way.  When  closed,  by  being  rolled  fonrar 
rolling  frame  leaves  a  gap  between  its  platform  and  that  of  < 
the  ajiproachca,  which  gap  is  filled  by  rolling  in  another  r 
fnimo  that  moves  sideways.  The  latter  rolling  frame  is  n>lli 
of  the  way  before  opening  the  bridge. 

IV.  A  lijilnj  bridge  is  himg  by  the  four  comers  to  four  cl 
which  pass  over  pullies,  and  Imve  coimterpoiises  at   their 
ends. 

V.  A  floating  sicing-hridge  rest-s  on  a  caisson  or  pontoo 
is  0{^)cncd  and  closed  by  means  of  chains  and  windlassioa,  aad, 
n|)t;n,  lies  in  a  recess  in  the  side  of  the  canal  mode  to  reoa 
The  ]H)ntoon,  being  made  of  sheet  iron,  is  so  designed  as  to  aci 
tubular  giiiler  when  the  bridge  is  closcd- 

00(3.  cauni  I.OCIH.— Figs.  390,  291,  and  293,  show  the  ge 
urraiigeincnt  of  the  parts  of  a  canal  lock.  Fig.  290  is  a  i 
tudinal  section,  fig.  291,  a  plan,  and  fig.  292  a  cross-section, 
ing  upwards. 

*  For  an  ezampla  of  a  awin^bridge  oo  a  Kreat  aeale,  icftRocB  majrlna 

^■M  planned  by  Mr.  Hemana  and  conatrneted  by  MaiBi&  Faitbaiin,  vhich^ 

Qdiand  Great  Western  Bulwsy  of  Ireland  over  the  entnnoa  to  Loagl  i 

^  bu  tuo  t^Koa  qH  ^  %*&  «mAiu,  and  ie  balanced  oa  •  oaotnd  pht  tf  1 
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G,  the  tail-gaia,  "whose  lower  edges,  when  shut,  press  aga 
tail  mitre-sill,  g. 

Tlie  older  locks  are  filled  and  emptied  ya 

lioad  and  tail-gates;  but  now  the  more  >:■  •  »•  t 

for  that  purjMSC  inlet  and  outlet  passages  witli  &Jiilo-v*Jvc«L 
pasimges  may  either  be  culverts  contained  in  the  thickiMM 
masonry,  or  iron  pipes  in  such  positiouB  as  those  marked  A,  ( 

The  cylindrical  i-ecessea  in  which  the  gates  are  hinged  ai^ 
the  fu)Uow  quoins. 

The  following  parte  of  a  lock  are  usually  of  ashlar : — ^Tbe 
lioUow  quoins,  cope,  recesses  for  the  gates  (or  "gftte-cbaa 
and  miti-c-sills. 

The  niiti-e-sills  are  sometimes  faced  -with  wood,  tn  eaM\ 
the  better  to  withstand  the  blows  which  they  rooeiTe  fin 
gates,  and  to  make  a  tighter  joint. 

The  lloor  of  the  lock  is  somctimee  made  of  cast  im. 
Article  400,  p.  601.) 

The  gates  are  made  of  timber  or  of  iron,  and  each  of  th«i 
sists  of  the  following  principal  parts : — 

The  Jieel'post,  about  the  axis  of  which  the  gate  turns.  This 
cylindi-ical  on  the  side  next  the  hollow  quoins,  which  it 
fita  when  the  gate  is  shut..  It  is  advisable  to  tnak«  it  i 
eccentric,  so  that  when  the  gate  is  opened,  it  may  cease  to 
the  hollow  quoLaa.  At  its  lower  end  it  rests  on  a  piTot^ 
iippiT  end  turns  in  a  cu-cular  collar,  which  is  strongly  ai 
back  to  the  masonry  of  the  side  walls : 

The  mitre-jMstf  forming  the  outer  edge  of  the  frame  of  th 
which,  when  the  gate  is  shut,  abuti<  against  and  loakM 
joint  with  the  miti-e-post  of  the  opj)OKite  leaf: 

The  cross-pieces,  which  extend  horizontally  between  tlM 
post  and  mitre-post : 

The  cleading  or  covering,  which  may  consist  of  timl>er  pi 
or  iron  plates.  When  it  consiiits  of  planks,  they  run  cxtbief 
cally  or  diagonally: 

Tlie  dicufotud  bracing,  which,  in  its  sunniest  forrn    r^"- 
either  of  a  timber  strut  extending  from  the  bottom  <  ' 
t<i  the  top  of  the  mitre-post,  or  of  au  iron  tie-*    - 
the  top  of  the  heel-post  to  the  bottom  of  the  mi' 

The  gates  sliowu  in  tlie  sketch  are  pi-ovidnri  ■wun  t\t(a\ 
A  bidance-bar  is  bolted  to  the  top  of  the  mitrc-|toatv  idofHa 
upwards,  and  crosses  over  the  top  of  the  heel-poni  '  '  "  It  i 
into  it.  and  has  a  long  and  heavy  overimnsrinig  •  Ji 

'I  1  noise  to  bring  the  centre  of  l'      '         '    Liu*  ^t«  t 

*         ,         AU^  fta&\e.\«t  \a  o^xi  and  Kt. 
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or  more  rollerg  under  its  lowest  cross-bar,  to  ajwist  the  pivot  in 
iMfcing  its  weight.     Each  of  those  rollers  runs  upon  a  quad- 
^Kron  roil  on  the  iloor  of  the  gate-chamber.     Tliis  mode  of 
IHlction   is  almost  always  adopted  in  large  and  heavy  gates 
»  require  chains  and  windlass^  to  open  and  shut  them. 
[he  following  are  some  of  the  ordinary  dimensions  and  propor- 
la  of  locks,  iu  addition  to  those  already  stated: — 
fhe  mitre-sills  rise  from  C  to  9  inches  aV)ove  the  Hoor: 
Teraed-sine  of  mitre-sill,  from  .^  to  ^^  of  breadth  of  lock  : 
Vearance  in  depth  of  the  i-ecesses  for  the  gates,  -^  of  thickness 
Ate;  clearance  in  length,  7  of  length  of  gate: 
,«east  thickness   of  the  side  walls  at  the  top,  alwut   4   feet, 
latest  thickness  at  the  base,  fixed  according  to  the  principles 
Ibe  stability  of  walls,  nsiuillly  from  |  to  i  of  the  height: 
i<etigth  of  .side  walla  of  head-bay  above  gate-chamber,  about  ^  of 
kidth  of  lock : 

JBTgo    counterforts  opposite  hollow  quoins  to  hare   st-ibility 
lugh  to  withst^md  the  oilculated  trarutverse  thrust  of  the  gates. 
Phe  hmgiiudinal  thrust  of  the  head-gates  is  borne  by  the  side 
Oa  of  the  lock-chamber;  that  of  the  tail-gates  by  the  side  walls 

be  tail-bay.    To  give  the  latter  walls  g\ifficieat  stability,  tUa 

t  is  to  make  their  length  as  follows : — 

)readth  of  lock  x  greatest  depth  of  water  -;-  15  feeL 

-sine  of  lift-wall,  from  l-12th  to  l-7th  of  breadth  of  lock. 
Hoor  of  head-bay:  least  thickness,  from  10  inches  to  11  inches. 
rioor  of  lock-chamber:    versed-sine,  about  1-I5th  of  breadth; 
;kness,  from  1-I5th  to  l-3rd  of  breadth,  according  to  the  nature 
iie  foundation. 

foundations  of  various  kinds  have  been  sufficiently  explained. 
bos  only  to  be  added  that,  when  a  lock  is  founded  on  a  timber 
tform,  longitudinal  pieces  of  timber  extending  along  the  whole 
j;th  of  the  foundation  are  to  bo  avoided,  lest  they  guide  streams 
water  along  their  sides;  that  transverse  trenches  under  the 
ndation,  filled  with  hydraulic  concrete,  are  a  good  means  of 
venting  leakage;  and  that,  in  porousr  soils,  the  whole  !>pace 
tind  the  lift- wall  and  under  the  floor  of  the  head-bay  may  be 
jd  with  a  mass  of  concrete. 
[jeogth  of  apron  fmm  15  to  30  feet. 

rhe  dimensions  of  the  tlifl'erent  parts  of  the  gates  are  to  he 
iputed  acconling  to  the  principles  of  the  strength  of  materials. 
ippearH  that  the  factor  of  safety  iu  many  actual  lock-gates  is  as 
r  as  3  or  4.  This  can  only  be  sullicient  by  reason  of  the  perfect 
kdioess  o£  the  load.  ^^ 

OT.    tmcUaed  Vtatum  va  Cuaala. — ^To  B&Ve  l^iQ  ^AS&A  «sA  "^^^l    ^H 

fe -i 
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cxiM^nded  in  sihifticg  boats  &om  one  leTol  to  another 
locks,  inclined  plauee  are  used  on  some   «*«»l^t 
arrangement  is  as  follows: — The  ni»]>er  am^T    lovr.-r 
canal,  at  the  place.s  -which  are  to  be  conrj- 

aro  deepened  sufficiently  to  admit  of  tliL   .„: 

tiglit  iron  caissons,  or  moveable  t&ukii,  andrr  th*? 
l)unincl  lines  of  rails  start  fixim  the  bottom  of  the 
>iHC4'nd  an  indined  jdane  np  to  a  summit  a  little  alto 
level  of  the  upper  reach,  and  then  descend  dowii  a  » 
plane  to  the  bottom  of  the  upper  reach.  There  turv 
or  moTcable  tanks  on  wheels,  each  holdiug;  water  caaa, 
boat.  One  of  these  caissons  runs  on  eacL  line  of  xai 
are  so  connected,  hy  means  of  a  obain,  or  of  a  wire 
on  n^oveaVile  pullies,  that  when  one  dmcenda  the  oi 
Thesp  caissons  balance  each  other  at  aU  times  wh/rn 
the  long  iucline,  because  the  boats,  light  or  heavr, 
contain,  displnco  exactly  their  own  weight  of  wat<it: 
djoil  period  when  both  caissons  are  in  the  act  of  cxmiiii 
water,  one  at  the  upper  and  the  other  at  the  lower 
balance  is  not  mainUiiucdj  and,  in  order  to  mpplf 
i-equlred  at  that  time,  and  to  overcome  frictioa.  a 
drives  the  main  puliy,  as  in  the  case  of  li]u«i-«a 
on  railways.* 

litiats  may  bfi  hanled   up   on   wheeler!   cradles 
caiaaous;  but  this  requires  a  greater  expcnditurt?  of 
Thomas  Orahame  has  propoeed  a  method  of  pcrfi 
cesR  which  would  enable  a  fixed  engine  to  he  di^MNUsd 
Btuamlioats  are  used.     It  consists  in  providtn^  «ach 
a  windlass,  driven  by  its  engine,  and  the  inrlLnc^ 
with  a  rope,  wliose  upper  end  is  made  fn-    ■ '    '    it* 
loose.     The  boat  is  flctated  on  to  the  cr»<i  I  bo< 

plane;  the  loose  end  of  the  rope  is  laid  iioiii  u]  »r^ 
the  windlass,  which,  being  driven  by  the  engine^ 
to  liaol  itself  up  the  inclined  plane. 

On  some  canals  vertical  Ufta  with  finmniiiH  u« 
inclined  planeaf 

508.    Water  Sapvly  of  Cwnla. — Canals  tLTB  Sttfiplfod 
from  gathering-gi-ounds,  springs,  rivers,  and   •• 
rcst-rvoirs  and  conduits ;  luid  tlioir  «njrply  \u\  y 
tions  uf  rain-fall,  domaud,  couif  <  Vc,  wbicit 

been  treated  of  in  Chapter  IL  ol 

*  For  a  deacription  of  an  inclixied  pLue  of  thh  Mil,  wicd  cm  Xhr 
iioar  Glasgow,  see  the  Tr(m»ac(ioia  qfAa  tioyal  SccUitk  &- 
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e  demand  for  water,  iu  the  case  of  a  canal,  may  be  eetinmt&di 
as  foUowa: — 

I.   Wtute  of  Woltir  by  leakage  of  the   channel^  repairs,   and 

iporation,  fxsr  day  ■=■  area  of  sarfaoe  of  the  canal  x  ^  of  a 
Aiot,  nearly. 

II-  Current  from  the  higher  towards  the  lower  reaches,  pro- 
daced  by  leakage  at  the  lock  gates,  per  day,  from  10,000  to  20,003 
cubic  feet,  in  ordinary  cases. 

II L  Lockage,  or  expenditure  of  water  in  passing  boats  from  one 
level  to  another. 

Let  L  denote  a  loekfvl  of  water ;  that  is,  the  yolume  contained 
in  tho  lock-chamber,  between  the  upper  and  lower  water-levela. 

B,  the  volume  displaced  by  a  boat. 

Then  the  quantities  of  water  discharged  from  the  upper  pond, 
at  a  lock  or  a  flight  of  locks,  under  various  circumatancea,  aro 
bLowu  in  the  following  tables.  The  sign  —  prefixed  to  a  quantity 
of  water  denotes  that  it  is  displaced  from  the  lock  into  the  upper 
pond. 


Bboui  Lock. 

OlW  bo*t  detoending. 


Lock  fonnd. 


emiitT, 

«  ful/, 

Om  bokt  ucendin);, empty  or  full,... 

9  n  botU,  descending  and)      descending  full,) 
uoeadbtg  ulteroAtely,  j      nscending  empty/ 
T^n  of  «  boats  descendtng, 


Water  diacbarged. 
L— Bl 

L  +  B 
nL 


full,, 


Tnln  off!  bMts  ascending, 

Two    trains,    each    of  n'i 

boats,  the  first  descend-  v 

iatg,  tbe  Mcond  ascending,^ 


VuoKt  or  m  Locxi>  Locki  faoai, 

OneboatdBBoendlDg, emp^, 

^  fall,.'. 

On*  boat  aaoending, ampty, 

>»  i»        fall, ....... 

3  ■  boati^  descending  and) 
asoendmg  Bltematcly,   j 
Tnin  of  n  boats  ' 


empty nL  — «  B      ).„.,»„ 

tvjf,  .„ (n  _  1)  L  - «  b;  ""p^y- 

empty  or  full,...  »  L  +  »  B  full 


Lock  loft, 
empty. 

fall. 

{descending  empty, 
ascending  fall. 


(2ii-l)L 


full 


Water  (UacliarKed.   Locks  led, 


nL  +  B) 

l  +  b; 

SI  n  L 


Train  of  n  boats  ascending, 


descending  fall,  1 
ascending  empty  j 
ts  descending,      empty »  L  —  «  B     )      __,_ 

„     full,..: («_i)L-»Br  «"p'y- 

empty, (fli+«  —  1)LJ-»B  >  ^^ 


full 

/desoendlag  empty, 
(aacendiag  fnlL 


full,; 
foU,. 


nL  -f  nfi 
(m  +  2  n  —  2)  L 


Coll. 


Two  trains,  each  of  n\ 
boala,  the  first  descend-  >■ 
lag,  theseoondascending,} 

From  these  calculations  it  appears,  as  has  been  already  stated, 

that  single  locks  are  more  favourable  to  economy  of  water  than 

flights  of  locks;  that  at  a  single  lock  single  boats  ascending  and 

daioending  alternately  cauae  loss  expendiiute  o?  \»a.\j£T  \X\vo\  wsf- ' 

aamben  of  boats  in  traiiaa;  and  that,  ou  l\ie  «jt\x«  "taasi,  i^  ^^ 


'J 


752 


COXBIXED  STRUCTURES, 


of  locks,  boat3  in  tmins  cause  less  ■ 
numbers  of  boats  ascending  and  di 

For  this  reason,  when  a  long  tligJit,  o!  lucL^  u>  uitJl 
is  usual  to  make  it  double ;  that  is,  to  have  tw-o  ^luUorl 
by  sido — using  ono  exclusively  for  asceudiug  boats  aiiiii 
exclusively  for  descfiiding  iHiata.  j 

Water  may  be  saved  at  flights  of  li->ck»  hy  tho  aid  of 
(snmetimcH  called  "  latcml  resen'oirs").  TUo  use  of 
to  keep  for  future  use  a  certiiiu  portion  of  ih©  w»ti» 
from  a  lock,  when  the  locks  below  it  in  the  fli<;ht 
water  would  otherwise*  be  wholly  dischargod  iaUi  tJio  V 
Let  a  be  the  horizontal  area  of  a  lock-chainbio-,  A  thai 
pond;  then  the  volume  of  water  so  saved  is — 
L  A  -  (A  +  a). 

Section  II.— 0/  River  Na«igatitm> 

509.  An  Open  Rirrr  is  one  in  which  the  water  ia  Id 

continuous  declivity,  beinjj  uninterrupted  by  wfirs.  I 
ject  of  such  streams  little  liaa  here  to  be  added  Ui  what 
Iwen  stated  in  articles  407  to  471,  pp.  707  to  713.  1 
path  required,  if  horse  haulage  is  to  be  employed,  ia  aim 
of  a  canal. 

The  etft^ct  of  the  cuirent  of  the  stream  on  the  load 
hm*se  ia  able  to  draw  against  it  at  a  walk  may  be  touglll 
as  follows: — 

Load  drawn  against  current  =  load  drawn  in  still  water  k, 

V  bning  the  velocity  of  the  current  in  feet  per  secnnd. 

It  would  lie  foreign  to  tlie  subject  of  this  ■• 
principles  of  the  propulsion  of  vessels  by  steam 

olO.  A   Caanlixcd  Bir«r  is   one   in   which    u 
reaches,  with  a  gi-eater  depth  of  water  autl  a 
the  river  in  its  natural   stiite,  have  been   J>^f^ 
weirs.     The  construction  and  effect  of  weirs  h.       . 
in  Article  472,  p.  713,  and  the  previous  articles  there 

Ejich  weir  on  a  navigable  nver  requires  to  I..-  ^p 
lock  for  the  passage  of  vessels,  the  most  convom 
h  usually  near  ono  end  of  the  weir,  next   tl 
towing-path  is.     River  locks  differ  from  canal 
lift-widl,  so  that  the  head-gates  and  toil-gatf-  - 

'511.   nereable    Bridi(«B   «rrr   RlT«r«   *re 
with   those  over  canals,  and  differ  from   ttj>;m  »u\ 
prcsvlet   va.f.     Y^v^vcvAjjlea  of   them  Lave  alreadj 
AviVcle  5^)5,  ■^,1\^. 


CHAPTER  IV. 


OF  TIDAL   AA'D   COAST   WORKS. 


Section  I. — Of  Waves  and  Tides. 

l2.  nfMt*B  of  OniinarT  WoTea.— Tlio  following  description 
ive-motion  in  wattr  is  ffinii(lH>i.t  cbietly  on  tlie  theoretical  investi-! 
pktjnns  of  Mr.  Airy  aiicl  othws,  and  tho  observations  of  the  Messrs. 
\V filter  and  of  Mr.  Scott  Russell,  with  a  few  additions  founded  on' 
later  resfurcLea. 

Boiling  waves  in  water  arc  propagated  horizontallj;  the  motion^ 
of  each  particle  takes  place  in  a  vertical  plane,  paiallol  to  the 
•  liiii-tion  of  propagation; 
.th  or  orbit  described 
I'jli  particle  is  appi-oxi- 
utely  elliptic  (see  fig. 
)3),  and  in  water  of  uni- 
rm  de|)th  the  longer  axis 
'  the  elliptic  orbit  is  hori- 
»ntnl,  and  the  shorter 
prlir^I;  the  centre  of  that 
orbit  lies  a  little  above  the 
pu.-.itTon  that  the  particle 

occiijiea  when  the  water  is  undisturbed;  when  at  the  top  of  its 

rbit,  the  particle  moves  forwards  as  regards  the  direction  of  pro- 

stion;   when   at  the   bottom,   backwards,  as  shown  hj  the 

irved  arrows  in  fig.  293,  in  wliich  the  straight  feathered  arrow 

snotes  the  direction  of  proj>agation. 

Tlio  particles  at  the  surface  of  the  water  describe  the  lai^esfe 
rtiit.4  ;  the  extent  of  the  motion,  both  horizontally  and  vertically,; 
diminishes  as  the  depth  below  the  surface  increases ;  but  that  of  the 
Tertical  motion  more  rapidly  than  that  of  the  horizontal  motion,  bo  . 
tlint  the  deeper  a  particle  is  situated  the  more  flattened  is  its  orbit, 
as  indicated  at  A,  B,  and  C;  a  particle  in  contact  with  the  bottom 
moves  backwards  and  forwards  in  a  horizontal  straight  line,  as  at  D, 
In  water  that  is  deep,  as  compared  with  the  length  of  a  wave  {or 
distance  between  two  successive  ridges  on  the  surface  of  the  water), 
the  oi\n\s  of  the  particles  are  nearly  circular,  and  the  motion  at 
^reat  depths  ia  iuaeaahlo. 


So 
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The  period  of  a  wave  is  the  time  occupied  by  each  part 
making  one  revolution,  and  is  also  the  time  occupied  by  a '« 
travelling  a  distance  equal  to  its  length.  Sence  we  have  i 
lowing  proportion : — 

mean  speed  of  a  particle  _  circumference  of  particle's  orb 
speed  of  the  waves      ~  length  of  a  wave 

The  speed  of  the  vxtvea  depends  piincipally  on  their  length  t 
the  depth  of  water,  being  greatest  for  long  waves  and  deep 
"When  the  depth  of  water  is  greater  than  the  length  of  a  wa 
speed  is  not  sensibly  affected  by  the  depth,  and  is  almost  e 
equal  to  the  velocity  acquired  by  a  body  in  &lling  through  I 
tite  radius  of  a  circle  to/toae  cireun^eretux  is  the  length  of  a 
In  water  that  is  very  shallow,  compared  with  the  length  < 
waves,  the  velocity  is  nearly  independent  of  the  len^,  < 
nearly  equal  to  that  acquired  by  a  heavy  body  in  falling  th 
half  the  depth  of  Hie  water  added  to  three-fourths  of  the  heitfh 
wave. 

Two  or  more  different  series  of  waves  moving  in  the  same, ' 
ent,  and  contraiy  directions,  with  equal  or  unequal  sjieeds 
ti-avci-se  the  same  mass  of  water  at  the  same  time,  and  the  u 
of  each  particle  of  water  will  be  the  resxdtant  of  the  resp 
motions  wliicli  the  several  scries  of  waves  would  have  impi 
ujwu  it  had  they  acted  separately.  This  is  called  the  itUer/ 
of  waves. 

When  a  series  of  waves  advances  into  water  gradually  bea 
shallower,  their  periods  remain  unchanged,  but  their  speeJ 
consequently  their  length,  diminishes,  and  their  s1ojh?s  hi 
steeper.     The  orbits  of  the  particles  of  water  become  distort* 


Fig.  294. 

at  B,  C,  D,  fig.  294,  in  such  a  manner  that  the  front  of  each 
gradually  becomes  steeper  than  the  back;  the  crest,  as  it 
advancing   faster  tlian  the   trough.     At  length   the  front  c 
wave  curls  over  beyond  the  vertical,  its  crest  falls  forward,  a 
breaks  into  surf  on  the  beach. 

Aa  ^e  en«Y^  oi  ^i^cl<&  -m.cMvsti  <::fL  «.  ^veu  iraTa  which  mb 
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>to  sliallowing  water,  or  up  a  narrowing  inlet,  is  auccessivcly  com- 
ECUiicated  to  smalJer  aud  smaller  masses  of  water,  there  Ls  a 
nd&netf  to  tlirow  those  masses  into  more  and  more  violent  agita- 
Ofa :  that  tendency  may  either  take  etlect,  or  it  may  he  counter- 
Cted,  or  more  than  counteracted,  by  the  loss  of  energ)'  which  takea 
Sace  through  the  production  of  eddies  and  surge  at  sudden  changes 
f  depth,  and  through  friction  on  the  bottom. 

NV  hen  waves  roll  straight  against  a  vertical  wall,  as  in  fig.  295, 
h«y  are  reflected,  and  the  particles  of  water  for  a  certain  distance 
1  front  of  the  wall  have  motions  compounded  of  those  dne  to  the 
irect  and  to  the  reflected  waves. 
'he  results  are  of  the  following 
tind : — The  particles  in  contact  with 
he  wall,  as  at  A,  move  up  and  down 
lugh  a  height  equal  tr>  double  the 
aJ  height  of  the  waves,  and  so 
do  those  at  half  a  wave  length 
the  wall,  as  at  C;  the  particles 
quarter  of  a  wave  length  from 
"',  as  at  B,  move  backwards  and  forwaixls  horizontally,  and 
ediate  particles  oscillate  in  lines  inclined  at  various  angles. 
In  order  that  a  surface  may  reflect  the  waves,  it  is  not  essential 
ihat  it  should  be  exactly  vertical ;  according  to  Mr.  Scott  Russell, 
will  do  so  even  with  a  batter  of  45". 

A  vertical  or  steep  surface  which  is  wholly  covered  by  the  water 
eflects  the  wa\ie-motion  of  those  layers  of  water  which  lie  below 
}   level,  anil  thus  a  sunken  rock  or  breakwater,  even  though 
ivered  with  water  to  a  considerable  depth,  causes  the  sea  to  break 

it,  and  so  diminishes  the  energy  of  the  advancing  waves. 
The  greatest  length  of  waves  in  the  ocean  is  estimated  at  about 
60  feet,  which  corresj>ouds  to  a  speed  of  about  53  feet  per  second, 
nd  a  period  of  about  1 1  seconds.     Their  greatest  height  is  given  bj 
kxtrcsby  as  about  43  feet,  and  this,  with  the  jK'i'itxl  just  atatec 
jives  12  feet  ]ier  second  as  the  velocity  of  revolution  ol"  the  particle 
f  water.     (See  p  766.) 

In  smaller  seas  the  waves  are  both  lower  and  shorter,  and  lea*' 
wift;  and,  according  to  llr.  Scott  Kussell,  waves  in  an  expanse  of 
ludlow  water  of  nearly  uniform  depth  never  exceed  in  height  the 
rodisturbed  depth  of  the  water.  But  the  concentration  of  enerj! 
ipon  small  masses  of  water,  which  occurs  on  shelving  coasts  iu  the 
nanser  already  stated,  produces  waves  of  heights  greatly  exceed*} 
g  those  which  occur  iu  water  of  uniform  depth,  as  the  following ' 
samples  show. 

Eresr  o{  waves  against  a  vertical  surlaoe,  at  Skerryvore 
bjrMr.  Thomas  Stevenson: 
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Sommer  Wiottr 

In  lbs.  per  square  foot,  6ii  ao86 

In  feet  of  water, 98  33 

Greatest  height  of  breakers  on  the  south-west  coast  a 
R3  observed  by  the  Earl  of  Donraveu,  150  feet. 

Recent  investigations  tend  towards  the  coaclnaicm,  w 
accordance  with  observation,  that  every  wave  b  mor* 
"  wave  of  translation,"  setting  down  each  particle  of  w\ 
matter  susjieuded  in  water,  a  little  in  advance  of  whem 
that  particle  up,  and  thus  by  degree*  produciug  tliat  1 
of  water  which  gathers  on  a  lee  shore  during  a  s.toi 
property  of  waves  accounts  for  the  facta,  that  olthoi 
tend  to  undennine  and  demolish  steep  cliff*,  they  heap 
gravel,  shingle,  or  such  materials  as  they  are  able 
along,  upon  every  flat  or  sloping  beaoh  against  which  tb^ 
roll;  that  they  cniry  such  msterials  into  hsiyn  and  estoi 
that  when  they  advance  obliquely  along  the  coast  they 
materials  of  the  beach  travel  along  the  ooaat  in  the  same 

513.  Tide*  !■  Oc««fmi. — The  general  motion  of  the  tidi 
in  an  alternate  vertical  rise  and  fall,  and  horizontal  ebb 
occupying  an  average  period  of  half  a  lunar  day,  or  about 
and  transmitted  from  place  to  place  in  the  seas  like  a  ser 
long  and  swift  waves,  in  which  the  extent  of  the  horiiiaQ 
ia  very  much  greater  than  that  of  the  vertical  motion.  ! 
of  motion,  both  vertical  and  horizontal,  undergoes  vaji 
tween  spring  and  neap,  whose  period  is  half  a  lunation, 
variations  whose  jH?rinds  are  a  whole  lunation  and 
The  profHigatinn  of  the  tide-waves  is  both  retarded 
in  gradually  shallowing  water,  the  crests  of  the  yn 
tendency  to  become  pej:allel  to  the  line  of  coast  whid 
approaching. 

Tides  in  narrow  seas,  and  in  the  neighbourhood  of  laat 
are  modified  by  the  interference  of  different  series  of  wm' 
by  chfferent  routes,  so  as  sometimes  to  preaeiit  very  com 
mena.  (See  Mr.  Airy's  treatise  "On  Tides  and  W»' 
Encydopccdia  Metropolitarut,}  In  the  following  oxttm 
cases  only  are  described. 

514.  Tidal  Wmm  in  a  CImw  aad  Dc«p  CIhuuwI  are 
ordinarj-  waves,  as  represented  in  fig.  2'.IS.  t>.  733 ; 
modification  that,  owing  to  the  enonnf  f 
compared  with  the  depth  of  the  sea,  th»:  -j 
is  nearly  equal  at  all  depths,  and  the  <  , 
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bottom.     Tho  orbit  of  each  i)article  is  a  very  long  and  flat 

fcSu|iiv>ging  such  a  channel  as  that  here  consideretl  to  have  a  boach 
motlerutely  steep  slope  at  one  aide,  tho  depth  being  elsewhere 
ifortn,  tlie  y»ai-tielea  near  that  beach  move  in  ellipses  situated  iii 
tncs  ineline<l  tn>  »is  to  ha  nearly  parallel  to  tho  bench,  as  repre- 
ited  iu  plau  in  figs.  200  and  207.     In  OJich  of  these  figures  tho 


Tig.  236. 


Fig.  297. 


ch  is  Bupposrd  to  be  towards  the  top  of  the  page;  in  fig.  29f 
,  lica  to  the  right  hand  of  the  dii-ection  of  advance  of  the  tide  wave 
?nt«d  by  the  feathered  ftiTow) ;  in  fig,  2D7,  to  the  left  of 
direction.     Tho  following  are  the  motions  of  a  particle  at  dil- 
it  times  of  the  tide: — 

tonir  Time  RcAreOC* 

Hoar*  iiflcr  tomtnonly  Ciirreot  Wfh* 

Bigli.xiter.  cftlled.  Flgoru 

o     Higli-wBtpr Forward A 

I,^  Ouaner  Ebl*, .' Forward  aod  Seaward, «...».     B 

3     half  Ebb St-award, C 

4^  Tlirco-qunrters  Ebb, Backward  and  Seaward, D 

6    l^w-walor. Backward, E 

74  Qiurlcr  Flood, Backward  and  Shoreward, F 

9     Hnlf  Flood, Shoreward, „     O 

]0|  Three-quarters  Flood, Forward  and  SiioiwwanJ,.. .......     U 

12    liigh-water, Forward A 

£15.  The  Tiac  in  a  Short  inlcti  or  in  any  bay,  gtilf,  or  estuary  of 

xch  dimensions  and  figvire  that  high  and  low-water  occur  in  all 

Lrta  of  it  sensiV»ly  at  the  same  instant,  is  somewhat  analogous  to  a 

ivo  rising  and  falling  against  a  steep  wall  (fig.  29n,  ]>.  755),  or 

the  emptviug  and  tilling  of  a  reservoir.     Each  i^Kirticle  of  water 

joves  nltxTimtely  tiutwards  and  inwanb  during  the  fall  and  rise  of 

10   tidr  r(.-sptctively;   and   the   current   is  swifter   and  stronger 

?ben  tho  dfjilli  <>f  water  is  greater,  that  is,  durinj  the  tttcond  half 

'  Jlowl  and  (hr  first  half  of  ebb. 

Supposing  that  tho  entrance  to  such  an  inlet  runs  at  right  angles 
the  line  i^if  cciast  described  in  the  preceding  article,  the  combina- 
ioD  of  th«"  ti<litl  currents  of  the  inlet  with  those  oil  \,\x*i  o'Jwa^,  «ic 
oatside,  produces  the  reeults,  as  regards  t\\e  cvut«ii^»  »fc  ^^ 
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eiih-ance,  indicated  by  tlio  arrows  marked  b,  c,  d,f,  g,  h, 
29G  and  297  (whose  lengths  denote  the  strcngfth  of  the  c 
and  explained  in  the  following  table,  in  -which  outwa 
inward  refer  to  the  entrance  of  the  inlet,  and  /brttard*  ai 
voanh  to  the  directions  of  currents  as  compared  with  that 
flood-current  along  the  coast:— 

w«rfi,.ir    (°    High-water, 0  (Sltck-waterX -...— 

rr-uir    \  1 4  Quarter  Ebb, Outward,  taming  fi>rw«rd,-...    h\ 

of  Ebb.     ^2     Half  Ebb, Outwaid. ^    c\ 

Second  half  (  44  Tbree-qoarterB  Ebb,  Outward,  taming  badcwwd,..    d 

of  Ebb.     \6    Low-water, 0  (Slack-water), _> 

first  half    (  74  Quarter  Flood, Backward,  turning  inward,....   / 


of  Flood.     I9    Half  Flood, „  Inward, yl 

Second  hulf  /104  Three-quarters  Flood  Forward,  turning  inward, k\ 

of  Hood.     ti2     High-water, 0  (Slack-water), — 


The  letter  J  in  each  figure  marks  the  up-stream  comer 
entrance  as  regards  the  flood-current  along  the  coast. 

The  vohcnie  of  waier  which  flows  alternately  in  and  out 
entrance  of  a  short  inlet  is  nearly  equal  to  the  s{>ace  botwe 
surfaces  of  high  and  low-water,  as  ascertained  by  levellii 
tide-gauges.  The  mean  vclocUi/  of  the  current  through  the  eu 
is  nearly  equal  to  that  volume  divided  by  the  mean  sectioa^ 
of  tbe  entrance,  and  by  the  time  of  rise  or  fsill ;  and  the  .« 
velocity  is  ni>arly  equal  to  1  ••)!  x  mean  velocity.  It  is  best 
Kuch  calculations  only  for  the  purjwse  of  computing  the  pr 
offi'ct  of  iilttiratioiLs.  The  velocities  of  actual  currents  sha 
found  by  observation. 

5IG.  The  Tides  In  l<oMf(  inlctt  arc  comiwiindcd   of  a 
em]>tying  and  filling  current  like  tliat  in  a  short  inlet,  and  a 
of  branch  tidal  waves,  propagated  up  the  channel  from  the 
of  the  offing.     Tn  river-channels  the  alternate  currents  due 
tid(\s  arc  combined  with  the  downward  current  due  to  the  I 
frcsli  water. 

Tlie  tidal  wave  which  is  j>ropagated  up  a  long  inlet  or 
channel  is  analogous  to  tho.<«e  represented  as  advancing  into  si 
watiT  in  fif,'.  L"J  i,  p.  754.  It  diminishes  in  length  and  incre: 
bright  until  it  reaches  a  limit  where  its  further  increase  in  hei 
.st^ijipod  by  friction.  It.<»  front  becomes  shorter  and  steeper,  t 
back  longer  and  flatter ;  in  other  words,  the  rise  of  tide  occo 
sbortiiT  tvnvfi,  QlTv^  V)tvc^  S.vii!\  ^Vnw^c  time,  as  the  ware  advas) 
the,  cWtvtvc\.  "^^^rVvcw  a.\\\^  >iJA»\.  ■"jre.x^  «^^'««K«.'-^i^  ^^fy  j] 
•water,  ita  iTOw\.  wsm.e\;vnw»  ^wc\kq&  «cv^.'*ws\«evai,xssi3^<i.N 
curia  over,  \Vke  ^J^e\«wi^tOTTi\\i.%5i.^»^>^»»^^«!KKj^^ 
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ToUlog  and  breaking  into  surf,  followed  by  a  very  long  flat  hack, 
*f\...  «..i.i  •^'ave  u  then  called  a  "bore."  The  back  of  the -wavii 
*  breaks  up  into  two  or  three  smaller  waves,  and  then  tha 

Iwii  Di  LUC  tide  is  interrupted  by  short  intcn'ols  of  rise. 

To  estimate  by  calculation  the  velocity  of  the  flood  and  ebb- 
i-ents  nt  a  given  cross-section  of  a  river-channel  or  other  long 

let,  two  longitudinal  sections  of  the  surface  of  the  water  must  bd 
ed  from  two  seta  of  simultaneous  tide-gauge  observations, 
at  a  series  of  stations  >dong  the  channel  and  above  that 
jro»-eection,  at  the  txeo  instants  of  daeh-uxiier  at  tiie  (fiven  crosa^ 
mction  respectively.  The  volume  contained  between  the  two  sur- 
faces thus  determined  will  be  the  volume  of  tidal  water  which  run* 
in  and  o\it  through  the  given  cross-section ;  and  this,  being  divided 
by  the  dunilion  of  flood  and  ebb  respectively,  and  by  the  area,  will 
give  the  probable  mean  velocities  of  the  currents,  which,  being 
imiltiplicd  by  1'57,  wUl  give,  approximately,  the  probable  maximura 
velocities.  The  velocity  due  to  the  fresh-water  stream,  if  any, 
is  to  be  STibtracted  from  the  flood  and  added  to  the  ebb.  (See -the, 
irk  at  the  end  of  the  preceding  article.) 

The  tidal  waves  in  rivers  are  propagated  up  the  declivity  of  the 
im,  which  they  often  affect  at  points  above  the  level  of  higk 

iter  in  the  sea. 

•517.  Action*  mf  TIAe*  en  €o««»  iind  Clmiia«la. — The  flowing' 
tide  augments,  and  the  ebbing  tide  diminishes,  the  speed  and 
force  of  storm  waves;  and  hence  the  observed  fact,  that  the  most 

Sowcrful  action  of  such  waves  on  the  coast  occurs  after  lialf- 
ood,  when  the  shoreward  current  is  strong.  The  tidal  cuiTcnta 
sweep  along  with  them  silt  or  mud,  sand,  gravel,  and  other 
mat«?rials,  ucconling  to  the  laws  already  stated  with  reference  to 
river  currents  (Article  4C8,  p.  70S);  hence  the  ebbing  tide  teudt  to 
6C01U'  and  deejveu  inlets,  and  the  flowing  tide  to  silt  tbem  up. 
Krora  what  has  been  explained  in  the  preceding  article,  ifc 
appears  that  in  shidlow  water  there  is  a  tendency  for  the  flow- 
ing tide  to  become  more  rapid,  and  therefore  stronger  in  its  action, 
than  the  ebbing  tide,  unless  opposed  l>y  a  sufficiently  sti-ong 
fre«h- water  cun-ent;  and  honce  the  prevailing  tendency  uf  the  tides, 
like  that  of  the  waves,  is  to  choke  and  fill  up  estuaries,  rivcr- 
channelfl,  and  otlier  inlets,  especially  such  as  are  already  shalloM'. 

A  sti-ong  fresh-water  current  may  maintain  a  deep  chnnuel 
against  this  action  of  the  sea,  so  far  as  it  is  limited  in  breadth; 
Vjut  where  that  current  escajics  into  the  open  «ea,  and  ia  either 
enfeebled  by  spreading  laterailly,  or  has  its  action  on  the  bottom, 
prevented  by  floating  on  the  salt  water,  a  bar  ia  formed  by  tha 
motion  of  the  wares  and  tides, 
Oao  of  the  chief  oly'ects  of  harbour  eugavcerua^Sswi^ft^sj*^ 


—  --  ^j 


U 


m 


BULWAUKS   ANT)   BEA-TfALLS.  761 

To  prevent  breakers  or  spray  from  gliding  up  to  the  top  of  tlie 
^0|»e,  and  dashing  over  the  Butnmit  of  the  biilwui-k,  the  top  of  the 
8lo}ie  18  sometimes  curved  upwards,  bo  as  to  present  a  concave  face 
to  the  "waves ;  but  this  is  sometimes  liable  to  be  knocked  down  hj 
the  shocks  which  it  receives ;  and  in  tlmt  caae  it  is  best  to  carry  up 
•the  slope  in  one  plane,  with  a  level  harm  or  bench  at  the  top  of  it^ 
paTcd  with  large  blocks,  and  on  that  benn  to  ei"ect  a  strong  parapet, 
act  so  for  back  that  ita  cope  ia  below  the  plane  of  the  slope.  A 
series  of  level  berms,  alternating  with  flat  slopes  of  the  same 
length  with  the  berms,  or  thereabouts,  are  very  pilcctive  in  break- 
ing the  waves  and  exhausting  their  energy;  the  blocks  at  the 
edges  of  the  bei-ma  must  be  larger  than  the  rest. 

The  largest  blocks  in  the  facing  of  the  slope  should  be  at  and 
near  half-tide  level,  because  the  waves  are  largest  at  half-flood. 

When  a  sloping  bulwark  stands  in  deep  water,  the  part  below 
low-water-mark  may  have  a  steeper  slope   than    that  above,    as 

ng  less  violently  acted  upon  by  the  waves:  for  example,  from 

to  1  to  3  to  1  below,  and  from  4  to  1  to  7  to  1  above.  The 
waves  will  partially  break  and  lose  their  energy  in  passing  over  tho 
place  where  the  inclination  changes. 

II.  A  Steep-faced  Bulwark  or  Sea-Wall  should  be  proportioned 
like  a  reservoir  wall.  (See  Article  465,  p.  707.)  As  to  the  manner 
in  which  it  reflects  the  waves,  see  Article  512,  p,  7/>5.  Its  cope 
should  either  rise  above  the  crests  of  the  highest  waves,  augmented 
ns  they  are  in  height  by  the  reflection,  or,  should  that  be  impi"acti- 
oable,  that  cope  should  be  made  of  stones,  each  large  enough  to 
resist  being  lil'ted  by  the  pressure  due  to  the  greatest  height  of  a, 
wave  above  its  bed,  and  dowelled  to  the  adjoining  cope-stones. 
The  front  edge  of  the  cope  should  not  pi-oject  beyond  the  face  of 
the  wall,  lest  the  waves  overtiim  it.  The  remainder  of  the  wall 
may  have  a  hammer-dressed  ashlar  or  a  block-iucourse  face,  backed 
w^ith  coursed  nibble  or  with  strong  concrete,  the  whole  built  iu 
strong  hydraulic  mortar,  and  tho  outer  edges  of  the  joints  laid  in 
cement.  (Article  248,  p.  380.)  The  chief  danger  to  the  face  of  such 
a  wall  is  that  air  and  water  should  penetrate  the  joints,  and,  by 
their  pressure  and  elasticity,  cause  stones  to  jump  out  after  receiving 
the  blow  of  a  wave. 

Tho  undermining  action  of  the  waves  on  the  ground  at  the  foofc 
of  a  steep  wall  is  very  severe,  and  should  be  resisted  by  a  flat  stone 
pitching  (which  should  have  no  bond  or  connection  with  the  wall), 
and  by  a  series  of  groins.  Tho  undermining  action  may  be  some 
what  moderated  by  forming  the  face  of  the  wall  into  steps,  bo  as  to 
interrupt  the  vertical  descent  of  the  water. 

Thom  am  good  ^mnus  for  believing  it  to  be  advautagjoua  to. 
huIJd  sea-rralls  in  courses  of  stones  whicVi  stand.  Tiea-vVj  wa.  v^ 


1 
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instead  of  lying  hnrizontal,  in  order  that  each  stood  msy  a 
lojuied  •with  the  whole  weight  of  those  diroctlf  above  iL 

When  there  is  an  eai-tlien  embankment  boJiind  a  9m 
should  have  a  rettiining  -wall  at  the  landwurd  side  also,  to 
the  earth  from  boing  washed  away  hj  wat«r  irliioiL  lav^  et 
the  top. 

IIL  Combined  Wtdl.- — As  the  expense  of  erec/daff  •  : 
vertical  -wall  in  deep  watur  is  very  great,  it  is  someiiaies  ci 
in  such  situations  with  a  long  dope,  in  tlio  foUowij^ 
Fix>m  the  hottom  up  to  near  low-water-mark  »<x»^m^  m 
2  to  1  or  3  to  1,  terminuting  in  a  long  level  or  nearly  le* 
or  '[fore^Jtore ;"  and  on  that  berm,  as  on  a  beaoh  in  shalloi 
is  built  a  steep  vmli,  at  a  distance  back  from  the  tdg» 
slope  equal  to  t^t^ce  or  thrice  the  length  of  the  slope. 

521.  A  RrMtkwaicv,  being  placed  80  as  to  defend  a  bar 
roadstead  from  the  waves,  difiere  from  a  bulwtirlc  \ry  hav 
at  both  sides  of  it.  The  site  of  a  breakwater  ahoiild! 
chosen  as  to  present  a  barrier  to  the  wavies  of  the  fKt 
storms,  and  especially  to  those  which  como  along  witli  tl 
current.  It  may  be  isolated,  and  in  the  midst  of  Um  \ 
of  a  bay,  as  at  Plymouth  and  Cherboiug,  or  it  ii>*y 
fixim  the  sliore  into  deep  water.  In  the  latter  caatif  I 
position  for  the  junction  of  a  single  breakwater  with  1 
i8  in  general  at  the  np-stream  comer  of  tho  .to  til* 

hn,rlx>ur  (see  Article  515,  p.  758),  for  intli  a  it  opp 

sti-ongest  flood-current,  and  does  not  int. 
ebb-current     The  pnnciplcs  of  the  const  i 
bix>akwater  are  the  same  with  those  dt- 
article  with  reference  to  bulwarks  in  di 
a  vertical-fronted  breakwater  is  usually 
sloping  or  combined  breakwater,  if  intf  ti' 
is  vertical ;  in  other  cases  it  differs  from  ti 
steeper  slope  (from  Itoltol^tol)  and 
blocks.     As  to  embanking  and  bniiiUng 
412,  p.  617.     When  a  stage  supported  on  : 
tJie  stones  from,  those  piles  remain  imlirrdrifd  jjj  t 
Their  diameter  should  be    nhout  -jfjth  of    their   L^.,^ 
in  vciy  deep  water,  they  may  require  to  be  built  of 
timber  ho^niod  together,  as  at  PortJantL 

Fig.  2yS  is  a  section  of  the  Cherbourg  braakv»t«r, 
bines  the  long  slope  und  vex-tical  <  •—      "^''le  haao  A  ^'  ' 
feet ;  the  slope  A  R  is  3  ^  t^j  1  j   I  to  1  ;   K  i 

•H  ,a  nearly  level  platform,  on  whun   »i;in«k  tho  Wiii   i. 
Uiick  lit  \XAi  \xatt.     Or<Hnary  spring  tides  riao  10  fewt,  tte 
at  lew -water  \w3\Ti^  \^^  VmV 


tliC    t« 
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Fig.  Sdd,  a  section  of  tLe  Plymouth  breakwater,  illastraies  tko 


r!^ 


Fig.  •2;)S. 

rinclple  of  alternate  bIoj^cs  nnd  bei-ma.     ABisStol,  BO  leveL 
D  5  to  1,  D  E  level,  E  F  1^  to  1. 


Fig.  299. 

vto  breakwaters,  and  sea  defences  generally,  may  be  consulted 
■works  of"  Smeatou  and  Telford,  Sir  John  Rennie'a  works  On  the 
iynunUh  B/rrihcaler  and  On  Ilarlxyurs,  the  Pi-oceedinga  of  tli« 
^wtatittUion  of  Civil  Enffituxrs  since  the  commencement,  and  Mr. 
ell's  Treatise  on  Marine  Engin»ring,)  (See  alaopp.766,  xvi) 
52^.  Brcicimiitg  irfuaa. — The  proccsfl  of  reclaiming  or  gaining 
d  from  the  sea  is  to  be  undertsiken  with  great  caution,  e8|K!cially 
river-ohanneU  and  estuaries,  lest  it  should  dimiuiali  the  tidal 
■ur,  antl  so  cause  the  silting  tip  of  channels  and  hai-boura;  and, 
I  pnrticnlar,  care  should  be  taken  that  the  space  for  tidal  water 
luch  Ls  to  be  lost  through  the  reclaiming  of  the  land,  ia  exactly 
Vuule  up  for  by  deepening  or  otherwise  impro\ang  other  ports  of 
die  estuary  or  channel.  In  every  instance  in  which  that  pre- 
,utioa  luis  been  neglected,  the  damage,  and  in  some  cases  the 
■nin,  of  the  harbour  has  followed.  (See  Reports  o/Ute  Tidal  Har- 
tours  Cofumigsion.) 
The  first  opemtion  in  reclaiming  land  is  usuaUy  to  raise  its  level 
much  as  ]>o8aible  by  warping,  or  deposition  of  sediment  from 
ihe  tidal  water ;  with  a  view  to  which  the  land  to  be  reclaimed  is 
tersected  by  a  network  of  transvei'se  wattled  groins,  and  of  longi- 
tndinal  dykes  of  the  same  construction. 
The  grt)\Hid  lia\'ing  been  raised  as  far  as  practicable  by  warping, 
enclo.sed  with  se^i-dykes,  and  drained  in.  the  manner  deeoribed 
n  Article  -184,  p.  727. 

Section  UL — 0/  Tidal  Channels  and  Harbours. 

533.  The  Impr*Tcmont  of  TMal  KlTrrs  aad  KMuarlM  depends 
tiasaJj  on  the  strengthoniug  of  the  ebbing  cwrrcut,  aa  stated  -^ 
\TticJe  517,  p.  700.     With  that  view,  the  m<»a\ac6  ^jci^  *^ 
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nre  nearly  the  same  with  those  already  described  undtr  iii<: 
Iinpruvementa  of  Iliver-Cbuinela,  Arlirle  470,  jv  711 
addition  that  the  space  which  at  each  tide  is  fillet!  nnd  cm 
t(i  be  kept  as  large  as  possible.  For  the  purjxx^e  nf  coitty-t 
the  hitter  jmi-tioiiH  of  tbe  ebbing  ciiiTcnt  upon  t  'i 
channel,  tralnin'j-dyJces  may  be  rei"juirfd.  'r\iui  ' 
diminish  tho  quantity  of  scouring- water,  thoy  tli 
if  at  all,  above  low-water  mark  of  ordinary  j«prir  ,, 
tion  being  marked  by  means  of  iX)W8  of  beacons. 

Should  bulwarks  or  quays  be  erected,  tbey  slionM  attiei 
placed  that  the  area  which  they  cut  off  by  CK^titiucting  vida 
may  be  compensated  for  by  widening  narrovr  plsc^s,  or  ti 
Bpace  which  they  cut  off  may  be  compensated  for  by  d 
that  part  of  the  apace  in  front  of  them  which  is  above  lov< 
mark. 

The  most  important  effect  of  making  a  deep,  direct,  and 
channel  for  a  tidal  river  consists  in  the  incrcjise  iu  the  cxtcui 
and  fall  of  the  tide,  and  the  diminution  of  that  Hteejtening 
a  shallow  channel  on  the  front  of  the  tidc-vavo  vhLcL  hi 
described  in  Article  51G,  p.  75*1. 

In  order  to  increase  the  depth  over  a  bar^  piers  or  bmsl 
must  be  canned  out  so  as  to  concentrate  the  cunvnt  over  iV 
is  best,  if  jjossible,  to  make  the  space  between  thoM*  picrs 
icards,  in  order  both  to  hold  scoumge- water  and  to  serve  as 
trap,"  or  sjwice  for  storm -waves  wliich  roll  iu  at  the  cntn 
spread  and  expend  themsttlves  in.     When  there  Ls  only  ooc 
should  run  from  the  up-stream  comer  of  the  eutr.uir.',  for  the 
explainetl  iu  Article  521,  pt.  702,  observing  that  ng 

the  ttp-streavi  corner,  regard  must  be  had  to  th-  rtnB 

the  shore,  iu  Ciise,  tlirough  the  action  of  1  di 

should  he  different  from  that  of  the  Afx^.,  , i   tb 

sea. 

Tlio  bar  may  thus  be  swept  into  deeper  water,  nlthoo^  i 
general  im}x>dsiblo  to  remove  it  altogether. 

52  i.  A  fi«:*iiriii{|>iiaaia  id  a  I'ederroir  by  moaoa  of  wliich 
water  is  stored  up  to  a  certAin  level,  and  let  out  tliruugli  ilu 
a  rajitd  strcRm,  for  a  few  minutes  at  low-water,  to  tKwur  a  t 
and  iu  bar.     The  outlets  of  the  Imsin  should  fjiec  m»  houIt 


Pible  directly  along  the  channel  to  b 
distinbuted  throughout  its  whole  ctosn 
duee  iv.n  wnvfornv  steady  current  in  it  like  u.  : 
Ctmcentrvv^-c  \\ie\T  ajcXXow  «w  ^^ss^  %>^v«,.    T«n  **  t . 

b.  AuivA,  ttn<\  'C^c  i\\wvPA\«vovt%  vA  <X 
ttCcordm^\y.     Out  o^  N.V«  \«^  «v*.vv.^..  .    - 
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.T^* 

^^1 


V  HARDOUR-WORKS.  765 

ttt  the  south  entrance  of  the  harbour  of  Sunderland,  described  by 

the  engineer,  Mr,  Mtimiy,  in  the  ProceedinffB  of  the  Jnstiiutio)i,  of 

Civil  Engineera  for  185G.     Tlie  current  is  let  out  for  15  miuutes  at 

|pw- water;  it  nins  at  about  5  feet  per  second,  and  is  seusiblo  in  the 

Bn  2,000  j'ards  olf,  although  it  is,  conEncd  by  piers  for  350  yards 

H  525.  Qnnra  of  masonry  are  to  be  regai-ded  as  a  class  of  retaining 
va]l8,  the  stability  of  wluch  has  been  treated  of  in  Articles  265  to 
269,  pp.  401  to  408,  aud  thctr  construction  in  Articles  371,  272, 
pp.  40y  to  41 1.  Tlieir  onlinary  thickness  at  the  base  is  fixim  ^  to  i 
of  their  height.  "When  founded  on  piles,  the  timber- work  should 
be  always  immersed.  (See  Part  II.,  Chapter  VI.,  Section  IL,  p. 
601.)  The  face  of  a  stone  quay  is  usually  protected  against  being 
damaged  by  vessels  by  means  of  a  network  of  upright  JbTider-pUei 
and  horizontal y«i</«"-w)a/«. 

As  to  timber  and  iron  quays,  see  Article  469,  p.  710,  and  the 
other  articles  there  referred  to. 

ITie  inner  side  of  a  breakwater  may  form  a  quay,  as  olreadj 
mentioned. 

526.  view  of  masonry  running  out  into  the  sea  are  to  be  regarded 
as  upright  breakwaters  combined  with  quays,  and  require  here  no 
additional  explanation.  Those  of  tindKT  and  iron  are  best  formed 
of  a  skeleton  fiamework,  supported  by  screw-j)iJea.  A  timber 
akeleton-pier  is  often  combined  with  a  loose  stone  breakwater,  iii 
■which  the  lower  parts  of  the  posts  are  imbedded. 

527.  BasiuB  nn4  Docka. — A  deep-icoter-bosin  is  a  reservoir  sur- 
rounded  by  quay-walls,  in  which  the  water  is  retained  when  the 
tide  falls  below  a  certain  level  (usually  somewhat  above  half-tide) 
by  a  pair  of  Inck-gates  oi>eniiig  inwards,  of  sufficient  size  and 
strengtL  Should  the  entrance  be  e.xposed  to  waves,  a  pair  of  aea- 
gates,  or  gates  opening  outwards,  are  also  required,  to  be  dosed 
during  storms.  A  deep-water-basin  may  also  be  iised  as  a  scouring- 
baain.     (Article  524,  p,  7G4.) 

A  dock  differs  from  a  basin  in  having  a  lock  at  its  entrance, 
through  which  ships  can  jmiss  in  all  states  of  the  tide.  (As  to 
locks,  see  Article  50C,  p.  746.)  A  harbour-lock,  like  a  river-lock, 
has  no  lift-woll.  In  order  that  vessels  may  pass  easily  in  and 
out,  the  entrances  of  docks  from  a  river-channel  should  slant 
ap-streavi  as  regards  Uie  ebb-currenL 

One  of  tho  best  forms  of  gate  for  basins  and  docks  is  a  caisson- 
gate,  being  a  water-tight  vessel  of  plate-inan,  which  can  be  floated 
to  or  from  its  seat  in  the  masonry  of  the  entrance,  being  placed  in 
a  recess  when  open.  When  closed  it  is  sunk  by  loading  it  with 
water,  which  is  run  into  a  tank  on  the  top  of  the  caisson.  In 
order  to  open  it,  it  is  floated  by  emptying  that  tank.  I 
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It  is  often  convenient,  when  practicable,  to  conduct  a  sup 
firesli  water  into  basins  or  docks,  care  being  taken  that 
supply  is  pure. 

528.  liighiliOHaM. — ^The  principles  which  regulate  the  placii 
illuminating  of  lighthouses  form  a  subject  which  can  be  fall; 
sidered  in  a  special  treatise  only,  such  as  that  by  Mr.  Tl 
Stevenson.  "When  a  lighthouse  is  exposed  to  the  waves,  it  m 
either  a  round  tower  of  masonry,  bmlt  of  hewn  stones,  dore-t 
tabled,  and  doweUed  to  each  other,  as  described  in  Article  4 
618,  solid  up  to  the  level  of  high- water  of  spring  tides,  and  as 
higher  as  ordinary  waves  rise,  and  high  enough  in  all  to  ke^ 
lantern  clear  of  the  highest  breaking  and  reflected  storm-n 
with  an  overhanging  curved  cornice  to  throw  their  crests  bacl 
it  may  consist  of  a  skeleton  frame  of  screw-piles  and  diagonal 
ing,  supporting  a  timber  or  iron  house  and  platform;  and  ii 
case  the  platform  needs  only  to  be  high  enough  to  clear  the  to 
the  natural  tmreflected  waves.  On  the  subject  of  the  strengtl 
stability  of  fi-ames  supported  on  screw-piles,  see  Article  403,  p 
In  designing  the  frame  of  a  lighthouse  to  be  supixjrted  on  t 
regard  must  be  had  to  the  pressure  of  the  wind,  whose  gre 
recorded  intensity,  in  Bi-itain,  is  55  lbs.  per  square  foot  of  i 
surface,  and  about  one-half  of  that  intensity  per  square  foot  ol 
plane  projection  of  a  cylindrical  surface. 


AddAioxal  AuTHOKiTtES  ON  Habbopr  awd  Sea  Woeks. 

tllnaiA—Outro(/tt  Hydmuligues  da  PorU  de  Mer.  BremDer  On  JTarbotm  (Wick. 
Thomas  Stevenson  On  t/m  Z>,sign  and  Construction  <tf  Barbown. 

LiGninocsES.— Sracaton's  Account  of  tht  Eddyttont  Lighthoust,  liobeit  Sterenson  Oa  I 
Jiock  L'gltthoust.  Alan  i>tc\cnsoD  Oa  tht  SJurrsirore  Lighl/iotae.  Alan  Stcvenvin.  iiii-in 
Trealift  on  Lighthouset.  Thomas  Stevenson  On  LighOumat  Jlluminalio-'.  Mitchell's  "*  Aco 
LiKhlhoiues  on  Screw  Pile\"  in  tlic  Procttdingt  of  tht  Inttitutiou  cf  Cttil  En,ji^ttri  for  \H 

Waves. -J.  Scott  Russell;  liej'ortaq/ the BrilUh  Association  tor  ISi-L  G.  G.  Stokes:  C-n 
Tiinsactions,  \6M,  18^0.  Enrnshaw;  ib.,  IS45.  W.  tYonde;  Transaett-HU  of  tht  Inoi* 
Siiial  Architects,  1862.  Rankinc;  Philosophical  Transactiont,  1863.  Watts,  Bankise,  2 
and  names,  On  ShipbuHdina,  l&H.  Cialdi;  Sul  iloto  ondoto  det  Mart,  InW.  Ci 
LviuiiUt's  Journal,  June  and  July,  ISGC 

Apdekdux  to  Article  512,  p.  755.— Height  op  WAVia.— The  heicht  of  the  wares  £«.? 
what  is  called  the  "Fetch; "  that  is,  the  distance  from  the  weather  shore,  irh^rj  i:.< 
jnntion  commcncca  Aceordinfc  to  Jfr.  Thomas  Stevenson,  the  toUowins  forrciila  ii 
correct  during  heavy  gales,  when  the  fetch  la  not  leas  tlian  about  six  "-iT^;!--.)  mi;*-. ■ 
in  feet  =1-5  X  v'  (fetch  in  nautical  milei). 

Addkhddu  to  Article  017,  p.  769.  — Scotmreo  Acriox  or  Tidx.— According  to  >lr.  T 
Stevenson,  the  sectional  area  of  many  estuaries  at  fcw  ytater  bears  a  newly  constant  K^i 
to  the  volume  of  water  whleh  runs  in  and  out  at  etch  tide,  Xtttna  from  71  to  10  saaare 
area  for  each  1,000,000  cubic  feet  of  tidal  water-  ' 


OP  THE  Resistance  of  Materials  to  STRETcniNa  aki> 
ito  BY  A  DiEECT  Putx,  in  potuvds  avoirdupois  per  aquaro 


VTALS: 

Brass,  cast,.., ..«>•« 

„      vnn, 

Bronze  or  Gun  Metal  (Copper  8, 

Tini), 

Copper,  cast, » 

„       sheet, 

„       bolts, ^ 

„       wire, 


Katukal  A5D  Abtifioial: 
Brick,     ) 

Cement,  j  

Glass, 

Sate, 

Mortar,  ordinajy, 


Tcntdtr, 

or  Resistance  to 

Teu-iog. 


380  to  300 

9,400 
i  9,600 

( to  12,800 

50 


l8,OGO 

49,000 
36,000 


Modnlns  of 

Elajrticitj, 

or  Resistsore  to 

Stntcbing. 


8,000,000 
13,000,000 

to  16,000,000 


9,170,000 
14,330,000 

9,900,000 


19,000 

30,000 

...^ 36,000 

60,000 

Iron,  cast,  various  qualities, <  .      ^ 

'        '  ^  '  (to  29,000 

„        average, 16,500 

Iron,  "wrought,  plates, 

„        joint^  double  rivetted, 

„  „       single  rivotted, 

„        bars  and  bolta, ,. 

f,        hoop,  best-best) 


to 


17,000,000 
14,000,000 
22,900,000 
17,000,000 


51,000 

35,1  °o 
28,600 

{60,000  ) 
to  70,000  j 
64,000 
f        70,000 ) 
( to  100,000/ 
90,000 

3.300 

f        100,000 
\  to  130,000 
80,000 
4,600 
ZiQC, 7,000  to  8,000 


„        wire-ropes, . 


Lead,  sheet. 
Steel  bars,., 


to 


Steel  plates,  average, . 
Tin,  cast,. 


29,000,000 

25.300,000 

15,000,000 

7  20,000 

39,000,000 

42,000,000 


d 


YTO  APPENDIX. 

Bid 
llAnaoAu.  I 

Cni 
Tnnnea,*  Diy,  crashed  along  the  gntin: 

Ash, 

Beech, 

Birdi, 

Blue-Gom  {Eucalypttu  Globulus), 

Box, 

Bullet-tree  {AcAras  Sidaroxjflon), 

Gabacalli, 

Cedar  of  Lebanon, 

Ebony,  West  Indian  {Brj/a  Ebenus), 

Ehn, 

Kr:  Red  Pine, 5,373 1 

„     AmericanYcllowPine(Ptnu«variia6i/w), 

„     Larch, 

Hornbeam, 

Lignum- Vita;, 

Mahogany, 

Mora  {Mora  excdm), 

Oak,  British, 

„     Dantzic, 

„     American  Kcd, 

Teak,  Indian, 

Water-Gum  (Tristania  nerifijlia), 


IV 

Tabue  op  tub  Resistance  op  Materials  to  Ere.vkixg 
in  pounds  avoirdupois  per  square  inch. 

Uaizbiaul 

CTONES: 

Sandstone, », i.ico 

Slate,  

•  The  nsutanccfl  stated  are  for  diy  timber.  Green  timbw  is  mach  tk;^ 
KnneumM  onVt  \ialf  ihe  stren^h  of  diy  timber  against  crashing. 

\  Tbe  mo&wa  «&  nx^^m  'a  v^^\.«nLSnBK»<i}ab  VMd  which  is  reqniml  to  i- 
ef  one  in^  w^vre,  «Q.^Yn^x^k  «X  V«<k  Y»sa*QDi^  Stuck  <iaMt\-  «a.  ^..^i,.,;  ]^  1 


Antsutx,  <71 

BerisUnce  to  Breaking^ 
Uatbbuu.  or 

Uodnlos  of  Baptortu 

Iron,  casi^  open-work  beams,  average, 17,000 

„       „     solid  rectangular  bars,  var.  qtudities,  33,000  to  43f  500 

„     wrought,  plate  beams, 42,000 

Steel,  average, 80,000 

User: 

Ash, 13,000  to  14,000 

Beech, 9,000  to  12,000 

Birch, 11,700 

Blue-Oum, 16,000  to  20,000 

Bullet-tree, 15,900  to  22,000 

CabacaUi, 15,000  to  16,000 

Cedar  of  Lebanon, 7>400 

Chestnut, 10,660 

Connie  (Dammara  atutralia), i  i,coo 

Ebony,  West  Indian, 37,000 

Elm, 6,000  to    9,700 

Fir:  Eed  Pine, 7,100  to    9,540 

„     Spruce, 9,900  to  12,300 

„     Dtrch, 5,000  to  10,000 

Greenheart  {Nedandra  Bodicei), 16,500  to  37,500 

Lancewood, i7>35o 

Lignum- Yitee, 13,000 

Locust, 11,200 

Mahogany,  Honduras, 11,500 

„  Spanish, 7,600 

Mora, , 32,000 

Oak,  British  and  Rusaianj..... 10,000  to  13,600 

„    Dantzic, ^)7oo 

„     American  Bed,.^. ..»•«•. 30,600 

Poon, » 13.300 

Saul, 16,300  to  20,700 

Sycamore,, 9,600 

Teak,  Indian, 13,000  to  19,000 

„     African, 14,980 

Tonka  (Diptai^  odorata), 33,000 

Water^Gum, X7,46o 

WiUow  (So^M^ -vaiiouB  spedes]^ -.-  ^^on 
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APPENDIX. 
VI. 

Table  of  Specific  Gravities  of  Materials. 

Wetglit  or  ft  cwUa 

IASES,  at  33"  Fahr.,  and  iinfler  the  pressure  of  one  ^  ait^rjCpote. 
■    atmosphere,  of  2116-3  ^^  °^  ^^^  square  foot: 
f    Air, 0080728 
I     Carbonic  Acid, 0-12344 
I     Hydrogen, 0-005592 
I     Oxygen, 0089256 


Nitrogen, 0078596^ 

Steam  (ideal) 005022^ 

^fclier  va[»oiir  (ideal), 0-2093 

Bisulphuret-of-carbon  va|>our  (ideal), 0-2137 

Olctiantgaa, 0'0795 


»  Wright  of  n  cobio  Specific 

foot  in  gravity. 


jdiich 


lb.  BToirdiipoia.         para  water  =^  U 
l4)Crn)S  at  32°  Fahr.  (except  Water, 
*  '  '  is  taken  at  39°- 1  Fahr.): 

Tater,  pure,  at  39**ir <S3-425  l-ooo 

sea,  ordinary, 64-05  1*026 

Alcohol,  jjure, 49'38  0-791 

„        proof  spirit, 57"J8  0-916 

JBther, 447o  0-716 

Mercury , 84875  13596 

Naphtha, ,.  52*94  0-848 

Oil,  linseed, 58*68  0-940 

i>    olive, 57*ia  0*915 

„    whale, 57-62  0-923 

„    of  turpentine, S4'3^  0-870 

Petroleum, S4'8l  0-878 

OLXD  Mineral  Substances,  non-metallic: 

Basalt^ 187-3  3*0^ 

Brick, I2S  *o  »35  2  to  2-167 

Brickwork, 112  i"8 

Chalk, 117*0174  1-87  to  3 '78 

Clay, 130  1*92 

Co^,  anthracite, 100  i-6oa 

„      bituminous, 77-4*089-9  1*24*01-44. 

Coke, 63*43  to  103*6  I^)o  to  1-66 

Fdapar, 163-3  3*6 

Fliat id^i 


I 


«^H 
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WagbtofacoUe 

foot  ia 

lb.  moirdnpoia. 

Solid  Minebaii  SuBsrrAifCES — amiinu^ 

Glass,  crown,  average, 156 

„      flint,         „         187 

„      green,       „         169 

„      plate,        „         169 

Granite, 16410  172 

Gypsum, i43<5 

limestone  (including  marble),..  169  to  175 

„          magnesian, 178 

Marl, 100  to  up 

Masonry, 116  to  144 

Mortar, 109 

Mud, loa 

Quartz, 165 

Sand  ^damp), 118 

„     (dry), 88-6 

Sandstone,  average, 144 

„         various  kinds, 13010157 

Sbalc, 162 

Slate, 175  to  181 

Trap, 170 

Metals,  solid: 

Bnissi,  cast, 487  to  524'4 

,.      ^"i'«, 533 

Bronze, 524 

Copper,  cast, 537 

»        sl»wt 549 

„        bammci-fd, 556 

Gold, 1 186  to  1224 

Iron,  cast,  various, 434  to  456 

,.         Jivorage, 444 

Iron,  wrought,  various, 474  to  487 

„                  average, 480 

Lead, 712 

Platinum, 1311  to  1373 

g"^7' ti55 

i:!«<^^ 487  to  403 

f  J". 456  to  468 

^i^c, *«iA,to  i^49 


Weight  of  ft  cabio  Specific 

foot  in  gravity, 
lb.  avoirdupois.       pure  water  •:=  L 

Ash, 47  o'753 

Bamboo, ...>...•.  ^5  0-4 

Beech, 43  0-69 

Birch, 44'4  0711 

Blue-Gum 52*5  0-843 

Sox, 60  0-96 

Bullet-tree, 65*3  1-046 

PCabucalli, 56-2  0*9 

Cedar  of  Lebanon, 30*4  0-48^ 

Chestnut, 33-4  0-535 

Cowrie, ^  36'2  0'579 

Ebony,  "West  Indian, 74-5  i'i93 

Elm, 34  o*544 

_    Eir:  Red  Pine, 30  to  44  0-48  to  0-7 

■     „      Spruce, 30  to  44  0-48100-7 

™      „      American  Yellow  Pine,...  39  0-46 

„      Larcli, 31  to  35  0-5  to  055 

Greenheart, 62-5  i-ooi 

Hawthorn, 57  0-91 

Hazel, 54  0-S6 

Holly, 47  0-76 

Hornbeam, 47  0-76 

Laburnum, 57  0-92 

PLancewood, 42  to  63       0*675  ^  ^"o^  M 

Larch.     See  "Fir."  | 

LigHum-Vitae, 41  to  83  0-65^)1*33 

Ixtcujst, ,..,.,  44  0-7^ 

iMahoganj,  Honduras, 35  0-56 

„          Spanish, 53  0-85 

•  Mixple, «  49  0-79 

Mora, 57  0-92 

Oak,  European, 43  to  62  0-69  to  0-99 

If,     American  Bed, 54  0*87 

Poon, 36  058 

Saul, 60  0*96 

Sycamore, 37  059 

Teak,  Indian, 41  to  55  066  to  088 

„      African, 61  0-98 

Tonka, 62  to  66  0-99  to  106 

"Water-Gum, 62-5  i-oor 

Willow, 25  o'4-i 

Yew, 50 


*  Tht  Timber  ia  eveiy  cue  ii  Bappoaad  to  be  dij. 
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TABU  OF  8QUABES  Aim  IVTH   POWEB& 


Scfoira. 

TlfUl  F&WIK. 

StrniKK 

FUhl^ 

lO 

I  00 

I  00000 

55 

3025 

5033  84 

11  . 

I  31 

I  6105I 

5«S 

3t3« 

5S'>7B^ 

13 

144 

3  48832 

57 

3249 

6016  92 

»3 

I  6p 

3  7^93 

S8 

33<^4 

H6356 

14 

I  96 

s  37824 

59 

3481 

714934 

IS 

asg 

J  59375 

60 

3600 

777600 

j6 

*56 

1048576 

61 

37  ai 

844596 

17 

3  89 

14  19857 

63 

3844 

9161  32! 

18 

334 

1889568 

63 

3969 

99*4  36 

19 

361 

24  76099 

64 

4096 

»*>737  41' 

so 

400 

33  00000 

65 

4235 

1 1603  90^ 

31 

441 

4084I0I 

66 

4356 

1353333; 

23 

484 

SI  53633 

67 

4489 

1350 1  ^5' 

33 

539 

64  36343 

68 

4624 

14539  33i 

3+ 

S7fi 

7962624 

69 

4761 

15640  31; 

35 

6=5 

97  ^5625 

70 

4900 

16807  "** 

26 

676 

11881376 

71 

5041 

18042  29; 

27 

729 

14348907 

72 

5184 

J 9349  17* 

28 

784 

173  10368 

73 

53*9 

30730  7 1: 

29 

841 

20511149 

74 

54  7^ 

$2190  o6d 

30 

9  00 

343  00000 

75 

5635 

23730  46S 

31 

9  61 

286  29151 

76 

5776 

25355  353 

33 

TO  34 

335  54+32 

77 

5929 

37067841 

33 

ro  89 

39 »  35393 

78 

6084 

28871 743 

34 

u  56 

454  35424 

79 

62  41 

30770  563 

35 

1335 

5352187s 

8q 

6400 

32768  000 

36 

13  96 

60466176 

81 

<55<Si 

34867844 

37 

1369 

^93  43957 

82      1 

67  24 

37073  9S4 

38 

1444 

793  35168 

83 

6889 

39390  400 

39 

15  21 

902  54199 

84 

7056 

41821  194 

40 

16  00 

1024  00000 

85 

73=5 

4437053' 

41 

1681 

1 1 58  56201 

86 

7396 

47042  701 

42 

1764 

1306  91333 

87 

7569 

49S42  092 

43 

1849 

147008443 

88 

77  44 

5277319' 

44 

1936 

1649  16334 

89 

7931 

55840594 

45 

2Q  35 

184528135 

90 

8100 

59049  •:>« 

46 

31  16 

3059  63976 

91 

8281 

62403  314 

47 

S3  09 

2293  45007 

.92 

8464 

6590S  15; 

48 

3304 

2548  03968 

93 

8649 

69568  S36 

49 

34  0[ 

383475249 

94 

8836 

73390  402 

50 

3500 

3125  DOOOO 

95 

90  3S 

77378093 

51 

,    a6  o\    > 

\   M^^^ti^^^ 

\  '^ 

.  ^ai.6 

81537  369 

52 
52 

I           WW 

\    39  16 

\     4?.9^^^«\ 

•.  Vs 

(^  \  ^^ 

V      \    '<f«*f 
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*  T«wera  and  ChiniMcy*  ai«  pxposej  to  the  lateral  pressure 
i  wind,  wliich,  T*'ithout  sensible  un-or  in  j)racticc,  nmy  Iw 
ed  to  be  borizoDtal,  and  of  uniform  intensity  at  all  beigbts 
ive  the  ground. 
le  surface  exposed  to  the  pressnrc  of  the  wind  by  such  Btruc- 
18  usually  either  flat,  or  cylindrical,  or  conical,  and  differing 
little  from  the  cylindrical  form.  Octiigonal  chimneys,  which 
occaaioually  erected,  may  bo  treated  as  sensibly  circular  in  plan, 
e  inclination  of  the  surface  of  a  tower  or  cliiraney  to  the  vertical 
•Idom  sufficient  to  be  worth  taking  into  account  in  determining 
pitssure  of  the  vrind  against  it 
The  gn'atcst  intensity  of  the  pressure  of  the  wind  against  a  flat 
irface  directly  opposjed  to  it  hitheiio  observed  in  Britam,  has  been 
^  lbs.  per  .square  foot ;  and  tliis  result,  obtained  by  observations 
5th  anemometers,  has  been  verified  by  the  effects  of  certain  vio- 
nt  storms  in  destroying  factory  chimneys  and  other  structures. 
In  any  otbi-r  climate,  before  designing  a  structure  intended  to 
tost  the  lutonil  pressure  of  wind,  the  greatest  intensity  of  tliat 
ie88tire  should  !>«  ascei-tained,  either  by  direct  experiment,  or  by 
tetrvation  of  the  effects  of  the  wind  on  pre^'ious  structures. 
Tlie  total  pressure  of  the  wind  against  the  side  of  a  cylinder  is 
>at  one-half  of  the  total  pressure  against  a  diametral  plane  of 
frt  cylinder. 

X«t  fig.  98  represent  a  chimney,  .<iquare  or  circular,  and  let  it  be 
required  to  detennine  the  conditions  of  stability 
of  a  given  bed-joint  D  E. 

L<!t  S  denote  the  area  of  a  diametral  vertical 
section  of  the  fiart  of  the  chimney  above  the 
given  joint,  and  p  the  greatest  intensity  of  pres- 
sure of  the  wind  agflinst  a  flat  surface.  Then 
the  total  pressure  of  the  wind  against  the  chim- 
ney will  be  sensibly 

P  =  />  S  for  a  square  chinm^ ;  ^ 

P  =  p  -  for  a  round  chimney;   |  '"^ 

and  its  resttltant  may,  without  appreciable  error, 
be  assumed  to  act  in  a  hoi'izoutal  line  through 
ic  centra  of  gravity  of  the  vertical  diametral  section,  C.     Let  H 
juote  the  height  of  that  centre  above  the  joint  D  E;  then  the 
tnoment  of  the  pressure  is 

H  P  :=  H  p  S  for  a  square  chimney  v'y 
HF  :=  — ^^ —  for  a  round  chimney  ',  t 
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and  to  this  tlie  lea^  Tnoment  o/alahUity  of  the  portion  of  the  ( 
iiey  above  the  joint  D  £,  as  determined  by  the  methods  of  Aj 
211,  should  be  eqiud.* 

For  a  chimney  -whose  axis  is  vertical,  the  moment  of  stabit 
the  same  in  all  directions.  But  few  chimneyB  have  their 
cxiictly  vertical ;  and  the  least  moment  of  stability  is  ohrii 
that  wliich  opposes  a  lateral  pressure  acting  in  that  directioi 
•ward  -wliich  the  chimney  leans. 

Lot  G  be  the  centre  o/gravUy  of  Qm  pari  of  ike  chimnftf  whi 
above  the  joint  D  E,  and  B  a  point  in  the  joint  D  E  verti 
below  it ;  and  let  the  line  I)  E  =:  i  represent  the  diameter  of 
joint  -which  traverses  the  point  B.  Let  if,  as  in  former  eian 
represent  the  ratio  -which  the  deviation  of  B  from  the  middle  o 
diameter  D  E  bears  to  the  length  t  of  that  diameter. 

Let  F  be  the  limiting  position  of  the  centre  of  resistance  c 
joint  D  E,  nearest  the  edge  of  that  joint  to-wnrds  -which  the  a: 
tlio  cliimnoy  K-ans,  and  lot  q,  as  before,  denote  the  ratio  whici 
doviiition  of  tliat  centre  from  the  middle  of  the  diameter  D  E 
to  the  length  t  of  that  diameter. 

Then,  fis  in  equation  3  of  Article  211,  the  least  moment  of  su 
io  denoted  by 

^y^Bf  =  {q  —  ^)Wt { 

Tlic  value  of  the  co-efficient  q  is  determined  by  ci'usidorii! 
niniinci  in  -which  chimneys  arc  observed  to  give  way  to  thf  j-n 
of  the  -wind.  This  is  generally  observed  to  commence  by  tlu-  <  'p 
of  <  'uo  of  the  bed-joints,  such  as  D  E,  at  the  wind^\-ai-d  ^i^i•.■  • 
cliiiniKv.  A  crack  tha?  begins,  which  extends  itself  in  a  zii.'-ai^ 
dia;,'onally  downwards  along  both  sides  of  tlio  cliininey,  tondi 
separate  it  into  two  parts,  an  upper  leeward  part,  and  a  lowor ' 
ward  part,  divided  from  each  other  by  a  fissure  extt-uding  obli 
dfAvn wards  from  windward  to  leeward.  The  tiual  dostniction  i 
cliimnoy  takes  place,  either  by  the  horizontal  shiftingof  tho  i 
division  until  it  loses  its  support  from  below,  or  by  tlie  cni.*lu 
a  portii:)n  d  tlic  brickwork  at  the  leeward  side,  fmrn  the  t.x> 
concoutndion  of  pi-cssuxc  on  it,  or  by  both  those  causes  combi 
and  in  cither  case  the  upjior  portion  of  the  structure  falls 
Fliow(>r  of  fragments,  partly  into  the  interior  of  the  |x>rtioii 
standing,  and  jiartly  on  the  gi-ound  beside  its  base. 

it  is  obvious  that  in  order  that  the  stability  of  a  chimney  ci 
secure,  no  iK-d-joint  ought  to  tend  to  open  at  its  -windwiird  t 
t!iat  is  to  Kiv,  there  ought  to  be  some  pressure  at  every  p«ni 
each  bo<l-joint,  except  the  extreme  -wind-ward  edge,  -where  th 
tuuH\ty  -may  Oam-ixc^^  \ici  -vl<2^i^:^^^\  \ss^d.  this  condition  is  foil 
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it  accuracy  for  practical  purposes,  by  assuming  the 
to  be  an  uniformly  Torying  pressure,  and  so  limiting  the 
tn  of  the  centre  cif  pressure  F,  that  the  intensity  at  the  lee- 
jdge  E  shall  be  double  of  the  mean  intensity. 
ma  already  been  shown,  in  .Article  205,  what  values  this  con- 
assigus  to  the  co-effident  q  for  different  forms  of  the  bed-joiiita. 
leys  in  general  consist  of  a  hollow  ahull  of  brickwork,  whose 
ess  Is  small  as  compared  with  its  diameter ;  and  in  that  case 
liflBciently  accunite  for  practical  purposes  to  give  to  q  the  fol- 


For  square  chimneys,  ?  =  -5; 
For  round  chimneys,  y  =  -r 


.(4.) 


ig  general  equation,  between  the  moment  of  stability 
lomcnt  of  the  exttmal  pi^essure,  expresses  the  condition  of 
[of  a  chimney  : — 


nP  =  (y-50W# 

8,  when  applied  to  square  chimneys, 

applied  to  round  chimneys, 


.{6.) 


..,-.(6.) 


Dwing  approximate  formnis,  deduced  from  these  equations, 
E&il  in  practice : — 
B  be  the  mean  thickness  of  brickwork  above  the  joint  D  B 

fensif^e^:ation,  and  6  the  thicltncss  to  whidi  that  brickwork 
reduced,  if  it  were  spread  out  flat  xipon  an  area  equal  to 
temal  area  of  the  chimney.     That  reduced  thickness  is  given 
icient  accuracy  by  the  formula 


.  =  b(.-5). 


,(7.) 


j)st  cases  the  difference  between  b  and  B  may  be  ncglectctL 
lie  the  weight  of  an  unit  of  volume  of  brickwork ;  being, 
about  112  Ibe.  per  cubic  iool,  ox,M\!sift\)>xyJfc2ii!a» 
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dense,  and  laid  very  closely,  with  thiu  layers  of  norUtf'Ia 
from  11 J  to  12U  lbs.  per  cubic  foot     Then  we  bave,  ^n 

for  squajre  ckimneys,  W  =  4tobS;         ) 

for  round  diinmeys,  W  =  3*14w4Sj/  •••"" 

vrliich  voluea  being  substituted  in  the  equation  6>  gire  the 
formuke : — 

For  square  chimneysj  H|>  «=  {-:;  —  itjc)  -wbt ; 

For  round  chinmeya,Hy  =  ll '57  -  G*  28  g*)  wbt; 

These  formul©  serve  two  purjjoses ;  first,  whrn  tba  en 
tensity  of  the  pressure  of  the  wind,  p,  nnd  the  extomal 
dimensions  of  a  proposed  chimney  are  given,  to  find  the 
duced  thiclcness  of  brickwork,  b,  rt<pun>d  above  each  bc^ 
order  to  insure  stability ;  and  secondly,  wh'-  ' '      ' '   ic»nsioM 
and  the  thickness  of  the  brickwork  of  a  ;kj»  mm 

the  gi-eatest  intenaty  of  pressure  of  wind  -vvxiKji  it  will  Ba 
eafety. 

The  shell  of  a  chimney  consists  of  a  seriee  of  divtsMoa, 
another,  the  thickness  being  uniform  in  each  drviaioiL,  bafc 
ing  upwards  from  division  to  division.  Th«  bed-joints  hek 
divisions,  where  the  thickness  of  brickwork  cbftn^r^  (indi 
bed-joint  at  the  base  of  the  chimney),  have  ol  'k* 

than  the  intermediate  bed-joints;  hence  it  is  <■;  ,^  ta 

of  joints  that  it  is  necessary  to  apply  the  formula;  To 
the  apjdicatioa  of  the  foPmuUi-,  a  table  is  given  on  [ 
showing  the  dimensions  and  figure,  and  the  stability  aci 
wind,  of  the  great  chimney  of  the  works  of  Messn.  TU«n 
Company,  at  St  Bollox,  near  Glasgow,  which  vrus  er«ct«d 
designs  of  Messrs.  Gordon  and  Uill,  and  is,  with  Iho 
the  spii'e  of  Stiaaburg,  the  GrcAt  Pyramid,  and  thft 
Stephen's  at  Vienna,  tie  most  lofty  building  in  tho 

Dmbm  or  WUimrrwmir-Wallm  of  masOZUy  am  inicoded 

the  direct  pressure  of  water.     A  dam,  -when  ••  '■ 
falls  over  its  upper  edge,  becomes  a  tceir,  ati 
for  its  base  against  the  undermining  action  i 
&uck  tttnvcAAxcea,  «s«  ticsli  consvdeted  in  the  prett' 


eroctod; 

lha«s| 
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Fig.  99. 


^e  coutained  water,  wlioso  upper  surfai-e  is  the  horizontnl  pliine 
Consider  a  vettical  layer  of  tlio  wall  of  the  length  unity, 
sustainiug  the  presatire  of  a  ver- 
tical layer  of  water  of  the  length 
unity  also.  Then  from  Articles 
89  and  124  it  appears,  that  the 
total  pressure  t-xerted  against 
that  layer  of  the  wall  is  equal 
to  the  weight  of  the  triangular 
prism  of  water  O  D  K,  right 
angled  at  D,  whose  tluckness 
is  unity,  and  whose  side  D  K  is 
equal  to  the  depth  of  the  joinb 

|E  beneath  the  surface  OT;  and  it  also  api)ears,  that  the  resultant 
that  jiressuro  acts  in  the  line  H  C,  being  a  perpendicular  uptm 

[D  from  the  centre  of  gravity  H  of  the  prism  of  waterj  so  that 
CD 

3 

nmsoTiry  above  D  E,  and  G  B  W  a  vertical  line  drawn  through 

, ;  produce  H  C,  cutting  that  vertical  line  in  A ;  take  A  W  to 

>resent  the  weight  of  the  layer  of  masonry,  and  A  P  to  rcpresont 

pressure  of  the  layer  of  M-ater;  complete  the  parallelogi-am 

P  R  W ;  A  R  will  n^prcsent  the  total  pressure  on  the  joint  D  E 

each  unit  of  length  of  the  wall,  and  F,  where  that  line  cuts 

I E,  will  be  the  centre  of  resistance  of  that  joint,  which  must  fall 

ithin  the  linuts  consistent  with  stabihty  of  position,  while  at  the 

le  time  the  angle  A  F  D  most  not  be  less  than  the  complement 

'  tho  angle  of  repose. 

To  treat  thia  case  algebraically,  let  x  denote  the  depth  of  D 
rneath  the  surface  of  the  watt;r,  «/  the  weight  of  an  unit  of 
>liitno  of  water,  and  j  the  inclination  of  O  I)  to  the  verticaL 
K'li  the  pressure  of  the  reiiical  layer  of  water  is 


Let  G  be  the  centre  of  gravity  of  the  vertical  layer 


2 


see  J, 


.(I.) 


oentro  C  being  at  the  depth  -  x. 

«j 

This  force,  together  with  the  eq\ial  and  opposite  oblique  cora- 

;ucnt  of  the  resistance  of  the  joint  D  £  at  F,  constitute  a  couple 

iding  to  overturn  the  wall,  whose  arm  i&  the  perpendicular  dia- 

of  F  from  C  P  ;  that  is  to  say, 

OD-FD-aajL 
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Now  CD  =  — g— ^,  and  i^  as  before,  we  make  WI5 s=  t, 

f  ?  +  2}  * ;  conaequeutly  we  have  for  the  ana  of  the  a 

question, 

X '  see  J       /     I  1\  ,      .     . 
— 3      -(^  +  2>)*""^' 

which  heing  multiplied  by  the  pressure,  gives  the  moment 
overturning  couple ;  and  this  being  made  equal  to  moi 
stability  of  the  wall,  we  obtain  the  following  equation : 

W'WB  =  W(s.±^i=~-^j-u,'x't  (|  +  |)tan/. 

When  thj  inner  face  of  the  wall  is  vertical,  sec  t'=  1  and  ta 
and  the  a  bove  eqiiation  becomes 

W(?  +  50«=^. - (: 

To  obtain  a  convenient  general  formula  for  comparin*'  •^ 
similar  figures  but  different  dimensions,  let  n,  as  in  Artie 
denote  the  ratio  of  the  area  of  the  vertical  section  of  the 
that  of  the  circumscribed  i*ectangle,  so  that  if  tc  be  the  wt 
an  unit  of  volume  of  masonry,  the  weight  of  the  vertical  1 
masonry  under  consideration  is 

W  =  ntoht, 

where  /*  is  the  depth  of  the  joint  D  E  below  the  top  of  th< 
Then  equations  2  and  2  A  talce  the  following  forms  : — 

1//  a?  /a     1  \ 

n{q±^<f)whe=-^  secV-«''a;'Mi  +  -J  tany;...„ 

n{q±^whf  =  ~i (3 

— equations  analogous  to  equation  4  of  Article  213.     To  ob 
formula  suitable  for  computing  the  requisite  tbinlrnpff;  of  wall 

vy  a?  •  sec'; 

=  Aj 


Qn{q+^q)ioh 
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idiatic  equation  being  solved,  gives 

<  =  VaTB»-B; (4) 

r  a  wall  with  a  vertical  inner  feoe,  for  wMch  B  =  0, 

<  =  ^/A. (lA.) 


in  practice,  the  sivrface  of  the  vutei 

ionalJj  be,  at  or  near  tho  level  of  tho 

'  the  ynil,  so  that  h  may  be  nmde  =  x>     In  each  cases,  let 


io  sec'j 


a^       6  n  (?+ gO*^ 


=  6, 


(5.) 


a^  Of 

being  solved,  gives 

—  =  Ja  +  b'  —  b; 

I  wall  with  a  vertical  inner  face, 

I  =  ^-\/{j^ig±^J) ('  ^•> 

i  "wrt  iovl  and  horizontal  components  of  the  pressure  of  tlio 
respectively 

Vertical,  P  sin^  =  -^—  tan/, 
Horizontal,  P  cosj  =  -„— ; 


ly  the  condition  of  atabUity  of  frietion  at  the  joint  D  li 
tho  e<iuatiou 

V  oosj uia? 

WTPsinj  -  2  W  +  M/a:'  t&aj  t^^^'""' 


.k^^ 


■  ■  ■!  ^1 


i 


"I 

■    ■# 

lis 

■  i 

ii 
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If  the  xatio  -  bas  been,  detennined  bjr  meaiu  of  eqntl 


weluiye 


SB 


W  ss  nw«<  =  nioc*  •-  ; «... 


80  fhat  W  OBDceOing  the  oommon  Cusbar  a?,  equation  6 
to  the  foUowing  form : — 


vf 


2  n  to --!-«/ tan  J 


tan  P. 


SxampU  L  BeeUm^ular  WaU. — ^In  this  case  n=  1; ;': 
oonaeqnently. 


6910' 


equation  5  A  becomes 


»=^=V  WV^'' 


«nd  equation  8, 


vf 


2to 


a/  — 

V  6gto 


=  A  /  -^—  ^i:  tan  *] 

w-  V      2w    — 


bat  it  is  Ttnnecessary  to  attend  in  practice  to  this  Itf 

which  is  fulfilled  for  the  greatest  values  of  q  that  ev^r  01 

Example  IL  Triangular  Wall,  -with  the  apex  at  0. 

In  this  case  —  is  the  same  for  eveiy  horizontal  joint] 

the  thickness  be  just  sufficient  for  stabiliiy  at  any  joint 
just  sufficient  for  stability  at  every  other  joint.  A  res 
-whose  vertical  section  is  triangular,  may  tiierefore  be  m 
uniform  atabUitj/, 

The  value  of  n  for  a  triangle  is  ^.    With  respect  to  t 

^y  that  case  will  be  considered  in  which  the  inner  fzat  < 

is -vertksX,  «ck ^baJb 4  *=  "^  )^^* 
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1=^ 


=  V{a(,4)4'" '"■ 


id  by  equation  8 


4= \/(K'4)^) -'""»• w 

X 

This  last  equation  fixes  a  limit  to  the  value  of  q,  independently 
'  the  distribution  of  the  pressure  on  each  bed-joint,  viz. : — 

(13.) 


9^q^, -ton'^-g. 


.(14.) 


—  3w' 
The  insertion  of  this  value  of  g  in  eqimtion  1 1  gives 

K  ~  tt>-tan^'"* '" 

The  value  of  tan  9  for  masonry  being  about  074:,  w  being  on  an 
iverage  114  lbs.  and  to  6'2-i  lbs.  per  cubic  foot,  the  limit  of  g  is 
'  lund  to  be 

0421  -0-167  =  0-254,  or -.  nearly, 

t 

ad  that  of  -,  by  equation  1 4,  is 

0-585. 

'or  brickwork,  tan  9  is  about  the  same  as  for  masonry,  and  to  is 
112  lbs.  per  foot,  nearly;  hence  the  limit  of  ^  is 

0-327  -0-167  =  0-lG,  or  g,  nearly, 
■while  that  of  -  is  075. 

X 

Example  III.  Triangular  Wall  with  Vertical  Ana. — When  tho 
"wall  stands  on  a  soft  foundation,  it  may  be  desirable  in  some  casea 
Bo  to  form  ib,  that  the  centre  of  resistance  F  shall  be  at  the  middle 
of  each  joint,  and  shall  also  be  vertically  beneath  the  centre  of 
gravity  of  the  part  of  the  wall  above  the  joint.  In  this  case,  the 
point  of  intersection  A  of  the  lines  of  action  of  the  pr^sure  and 
-weight  must  also  fall  in  the  middle  of  each  joint.  To  fulfil  these 
conditions,  the  vertical  section  of  the  -wall  should  be  an  isoscelea 
triangle,  the  outer  and  inner  faces  forming  equal  angles  j  <a* 

3k 
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opposite  sides  of  tlie  vertical  axis  of  the  wall,  and  the  anj 
be  such  that  a  straight  line  perpendicular  to  O  D  at  C  i 
the  base ;  that  is  to  aay, 

temj  _  as  sec/ 
2     -      3     » 


but 


whence  we  have 


2x 


tan^ 


Bu'j: 


l'^-'=l 


and 


BO  that  the  base  of  the  wall  is  to  its  height  as  the  diagoi 
nde  of  a  square. 

Equation  8  in  this  case  becomes 

—^^ =  =    ^J^  ^  tan  <p 

to  J2  +  uf  ^  ^      2to  +  v/  — 

This  condition  is  always  fulfilled  so  far  as  the  frictional 
of  one  course  of  masonry  on  another  is  concerned.  As  t 
however,  of  giving  the  wall  the  figure  now  in  question; 
tribute  the  pressure  uniformly  over  a  soft  foundation, 

supposed  that  its  base  rests  on  a  material  for  which  ti 

Then  we  must  have 

2w  +  w'  — 4 ' 
and  consequently 

w  ^  2^  JY-  j)  "^  =  2-33  w  =  US  Ibi  per  cubi 

and  unless  the  masoniy  be  of  this  weight  per  cubic  foot>  i 

on  a  horizontal  base,  of  a  material  for  which  tan  f  =  -,  'v 

of  itself  sufficient  to  resist  the  thrust  of  the  water. 

The  diagram  on  p.  787  shows  the  form  and  proportion 
'^T  'BToi«i»QiT  liUNt^vbA  ^Qit  "raMxvoir-iralls  of  great  heighi 


..  ..1»0 _\..J2.«». 


For  deUiled  descrii>tion  see   The  Engineer  for  January   5, 
73  (»    repriut   of  this   paper   is   embodied   iu   tlie    RauJcini 
oinorial  Volume  of  Selected  Tapers). 

The  liiiea  of  resistance  lio  withiii,  or  near  to,  the  middle  thi''d 
the  tiiickncss  of  tlio  \Fall.     The  outer  and  inner  fac^-a  oro 
jarithmic  curves.     It  is  desirable  to  give  sucli  walls  a  curv 
re   in  plan  convex  towards  the  reservoir,  to  counteract   tha, 
idency  of  the  wall  to  being  bent  by  the  pressui'o  of  the  wato 
to  a  curved  shape,  concave  towards  tho  water. 


^ 
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Dddeksionb  asd  Stabilitt  of  thb  Outeb  Shell 
Great  Chuoikt  of  St.  Bollox 


Divisions  of 
Claimnqr. 

Hdghts  above 
QnxuuL 

Eztcnul 
Diametsa. 

Thicfciwaa. 

FMt 

FMt  Indiaa. 

Feet  IndMa.       I 

V.      . 

435i 

13 

6 

>■       X       a 

IV. 

^       35oi 

x6 

9 

^       I      6 

IIL 

aioi 

»4 

0 

I     10^ 

n. 

Ii4i 

30 

6 

2      3 

L 

54i 

35 

0 

a      7i 

t           o 

40 

0 

— 

PoandaUon. 

Depth  bdow 
Ground. 

External 
Diameter. 

Thi<* 
Concrete. 

DCS 

Feet 

Feet 

Feet  Inebea. 

L 

O 

50 

5      0 

II. 

8 

SO 

4       8 

III. 

14 

20 

50 
50 

25     0 

Total  height  fiwm  base  of  foundation  to  top  of  chimney, 


Townsend's  Chimney,  Glasgow.    Bdilt,  1857 

Total  height  468  feet.  Height  from  sur£Bu;e  of  grou; 
454  feet.  Extra  height  of  20  feet  of  ornamental  iron 
added,  and  connected  with  the  lightning  conductor. 

Outside  diameter  at  foundations,  50  feet ;  outside  c 
surface  of  ground,  32  feet ;  outaide  diameter  at  top  * 
feet  8  inches.  The  sides  have  a  straight  batter.  Th« 
varies  from  7  bricks  at  base  to  I^  brick  at  top. 

'Joint  of  least  stability. 


Articuc  33,  NoTK,  p.  47,  insert  at  end  of  note. 

In  marej3  of  newly  Mttled  dUtrict*,  where  it  is  impracticable  to  obt*in  a  hue  by 

Bt  measurcmrat  with  luffirienc  preciaioti,  a  baM  may  be  meaaured  with  accnrnry 

EBeient  for  ordinary  purposes  in  tlia  followinz  manner: — Choote,  as  ends  of  the 

•,  two  elevated  stations  which  can  be  aeeo  mm  each  other,  as  nearlv  as  possible 

the  tame  meridian,  and,  if  possible,  50  or  60  miles  aaiuidrr;  find  their  latitudes  (oa 

~Uuncd  in  Article  8G  c,  p.  129);  nlso  find  the  true  meridian,  nnd  the  aziniuth  of 

baae,  from  the  mean  of  obseiTations  made  at  each  of  the  atationa  (as  explained  in 

rtikde  4'2,  p.  71);  compute,  by  e(|UJition  1  of  this  note,  the  length  m  of  a  minnle  of 

meridian  corresponding  to  the  mmn  latitude;  then  IciifftJiof  6(Ue  searly  —  m  * 

ce  of  latitode  in  minutes  x  secant  of  azimuth." 

AaTicLR  67,  p.  91. 

LBTKLLDto  BT  TirK  Bahometmi. — To  correct  the  difference  of  level  gircn  by  Um 
nla  in  the  text  for  variations  in  the  force  of  gravity,  multiply  by 

1^0  00284  CO..  2  X-f       ^^J^^^^       ; 

■  which  X  is  the  mean  Intitade  of  the  two  stations,  and  A  the  meao  of  their  heights  ta 
it  above  the  level  of  the  seu. 

Artjcxe  110,  p.  171. 

From  fome  cx])«riments  made  by  Mr.  li.  D.  Napier,  formini;  tlie  tnhject  of  a  paper 
I  friction  and  nnguents,  read  before  tbe  PhilosophicaJ  Society  of  Glasgow,  on  t6th 
December,  1874,  by  that  gentleman,  and  experiments  made  by  an  eminent  foreigner, 
tat  believed  to  be  not  yet  published,  it  may  be  safely  deduced  that  the  friction  between 
^^  bodies  is  a  function  of  the  force  with  which  thoy  are  pressed  together  and  of  their 
ave  velocity  of  motion.  It  is  furtlier  probable  tlint  for  substuices  without  ungoenta, 
"iction  increases  with  tho  velocity  to  a  certain  maximum,  and  then  dimmishes. 
apicr  believes  his  expcrimenta  show  "  that  with  mineral  oils  tbe  co-efficient  of 
in  is  less  at  higher  than  at  loner  velocities,  and  that  with  animal  and  vegetable 
Mia  tbe  reverse  is  the  case;'"  and  further,  with  the  employment  of  unguents  the  friction 
bcs  been  found  to  Increase  with  the  vclacity  and  vice  verni,  and  also  to  diminish  with 
ihe  Telocity  and  vice  vermi.  A  very  small  co-efficient  of  friction  was  found  to  obtain 
whan  aamall  "quantity  of  water  waa  allowed  to  mnon  the  top  of  oil."  Aa  Ur.  Napier 
inta  oat,  there  is  necessity  for  further  experiment. 

In  a  paper,  of  which  an  abstract  has  appearod  iu  tbe  Com.ptet  Rendut  of  the  French 
Aeadamj  of  Science!)  for  the  26tli  of  April,  185^,  M.  U,  Bochet  describes  a  aeries  of 
Bpvimeots  which  have  led  him  to  the  conclusion,  that  the  friction  between  a  pair  of 
WrfafTt  of  iron  ia  not,  as  it  has  hitherto  been  belioved,  absolutely  independent  of  the 
velocity  of  sliding,  but  that  it  diminishes  slowly  as  that  velocity  increases,  aocordiag  (o 
a  law  expressed  by  tho  following  formula: — Let 
R  denote  the  fnction ; 
Q,  the  pressore ; 

V,  the  Telocity  of  sliding,  ia  m&trca  per  second  =s  valoeity  in  feet  per  second 
X  0-3048; 
/•  <>i  ft  constant  co-efficients ;  then 

R_/-l- yaw 
Q       1-t-av 


h. 
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The  following  are  the  Talnes  of  the  co-efficients  dedneed  hj  M .  Bochet 

periments,  for  iron  snrfaces  of  wheels  and  skids  rubbing  longitndinally  oa  i 
/,  for  dry  surfaces,  O'S,  0-25,  0-2;  for  damp  surfaces,  0-K. 
a,  for  wheels  sliding  on  rails,  0-08 ;  for  skids  sliding  on  rails  0-07. 
y,  not  yet  determined,  but  treated  meanwhile  as  inuppreciably  small 

Abticlk  280,  p.  416. 

LcTK  OF  Prbssurks  DI  AK  Abch.— As  to  the  stability  of  a  TcrtleaHy]- 
reference  may  be  made  to  a  series  of  papers  which  have  appeared  ii 
Engineer  avid  ArckUtcf$  Journal  for  1861,  aad  in  which  the  fignrs  of 
pressures  is  shown  to  be  identical  with  that  of  a  curve  whose  ordioab 
bending  moments. 

Akticlb  867,  pb  609. 

Mean  results  of  experiments  by  W.  H.'  Bariow,  Eai).,  F.B.S.: — 

TaucitT    _  I*™of  Strength 
T  hTVwTf h«  Truarvaeif  Loaded,  i 

Puddled  steel,  specimen  I.,  .    .    .  95,28S 

„  specimen  IL,      .    .  116,336  62,600 

Castin'insots,       "   j"    •    •    •    •  101.753 

Puddled  steel,  specimen  III.,     .     .  ...  60,000 

„  specimen  IV.,      .    .  ...  63,750 

,,  specimen  V.,  ...  ...  53,500 

Homogeneous  metal, 100,994  57,500 

Steely  iron 69,456  52,500 

\Yeig'ht  of  a  cubic  foot  of  puddled  steel,  485-5  lbs.;  of  steely  iron,  483*6  Ifas. 
(Sec  the  Engineer  of  3rd  January,  1862.) 

Articlk  357,  p.  509. 

Stkkxgth  of  Cold-rolled  Iron.— The  following  results  were  olrfjaa 

through  Fome  experiments  by  Mr.  Fairbaim  on  the  tenacity  of  iron.  (See  J 
Tranaactwm,  luth  December,  1861.) 

Tenacity.  Citi: 

LbB.  per  Square  Inch.  Enei 

niackbar, 68,627  -2 

Saino  bar  iron,  turned,      ....            60,747  -S 

Same  bar  iron,  cold-rolled,       .    .     .            88,229  t 

Cold-rolled  plate, 114,912 

Mean  results  of  experiments  by  M.  Treses^  oa  bars  cmt  oat  of  cart 

plates : — 

Tenacity.       Limit  of  Bastieitr.  r 

Iiba.  onUie  Lba.  on  the  .~ 

Square  Inch.         Square  Inch.  z*^ 

ssqt 

Hard  steel,  nntempered,  ,  .  74,000                 86,000  t», 

„          tempered,   .  .  .  103,000?              71,900?  57, 

Soft  steel,  untempered,  .  .  81,700                 34,100  24, 

„          tempered,  .  .  .  121,700  105,800  28, 

^  The  column  headed  "limit  of  elasticity"  gives  the  tenakm  up  to  wUd 
tion  was  ^tv»l\A'j  ^^tj^'rt.v<iu«.l  to  the  load.  The  results  marked  (?)  a 
Y>ecauM  ot  dAscte^^^xvcve^  «.moT\^\.  \!ci«  c.-v^rv'nvinxVk  A-^^mj^  ther  mrm  tae  a« 


Arttcu  406,  p.  €07. 

.    "  ^  ^  -^K-myi. — For  oxcarittinc    '       " ""    -  ''    '•''  ^nnden  that  ■» 
tions,  Mr.  Milroy  nitroJ  j;  ajip.iralns : — 

I  fj  is  suspended  in  »  liori  •  i  of  chains.     It 

bof  u)i>^ih1  io  it,  L>y  Iheir  broad  ends,  n  set  of  triiuigijliir,  ur  uc^ly  t.ri<uicular  ehoTels. 
vkicii.  wlirn  they  ate  nipported  by  catches  in  •  liorirontal  position,  with  their  tniali 
—  '  ■  -  -  •,:  th«  centre  of  the  friune.  fonnscort  of  flat  tray.    When  the  cntL-hes  are 

vclj  h:iii^  with  their  points  doirnwards.     In  tlus  position  they  are 
iVfd  into  the  rnrth  at  the  bottom  of  the  cylinder.     The  points  of  tho 
il;  -I  iianlcd  topvthor  hy  means  of  chains,  so  as  to  form  the  tray,  which  is 

Wv  '  Its  loud  of  ciirlh  by  ine;uig  of  a  steam  windlau;  atmck  is  wheeled  upon 

nuU  . . '  i  ...aulh  of  the  cylinder,  so  aa  to  be  under  the  tray;  the  catchci  ttn  let  j^o, 
»o  jls  to  ilro;i  the  shovt'lii,  ad'I  let  the  earth  fall  into  the  Irnck,  which  is  wheeled  away; 
moi  the  ap|)Bnitiis  iii  ready  to  be  lowered  af;ain.  By  means  of  this  apparatOB,  crlindi-rs 
8  Jbct  4  iocliea  id  diameter,  together  with  th«  excftvatioii  inside,  bav«  bern  Mink  «t  the 
tannge  rate  of  nbont  a  foot  an  hour,  incltiding  atop^a^s  to  pnt  on  new  lenf^h*  of  cvlinder. 
Tlte  numbers  of  men  employed  were,  od«  at  the  wmdiac  steam  cD)(ine,  fix  ot  rollers  for 
backing  chainii  to  force  tha  shorelt  into  the  ground,  and  afterwards  to  poll  thoir  pointa 
toKt'iher;  Uiree  at  the  truck,  and  one  with  a  shovel  and  barrow;  in  ail,  eleren  men ;  but 
•Brand  of  tfaoee  men  might  be  uved  by  working  the  chaina  from  tha  atMai  eagiue. 

Article  430,  p.  638. 

Stkix  BoLLSiis. — Great  adrantagcs  ore  derircd  from  .'rtesra  rolling,  and  it  baa  eamn 
into  Tcry  gienc r.il  nso  Utterly  on  economical  groands.  It  has  been  fcond  from  experl- 
en<e  here,  but  specially  on  the  Continent,  that  the  road  wears  belter,  and  that  tiivre  is 
natnr^Hy  leas  near  and  tear  of  rolling  stock.     On  anrolled  roads  a  pvat  deal  uf  (he 

me"  '  ■    '--il,  which  is  jimply  wvim  down  by  friction  upon  rolled  roads.     Tho 

oJi  .-as  first  raised  to  the  introduction  of  rollers  was  the  injury  to  sulrwayt 

ft  lit.     The  •weight  has  now  lieen  reduccfl  from  36  to  lo  tons,  which  is 

fo>  ;■.'  sufTicicnt  for  all  purposes.    The  economy  obtained  by  their  emploT- 

xii  [LI  be  about  30  per  c«'nt.,  which  is  the  amount  that  is  reduced  to  dust  bj 

tt'Lu.^  >.  ^  >>"  V  oia  rood  is  consolidated,  on  unrolled  roada. 

Articb.!  4S4,  p.  649. 

Enpnes  for  drawing  heavy  loads  np  steep  inclinations  ore  soractimea  made  with  tea 
or  even  tw^elve  small  wheels,  3  or  3 j  feet  in  diameter,  and  all  coupled  so  as  to  act  aft 
driTing  wheels.  The  lower  carriai^  is  jointed,  so  as  to  enable  it  to  pass  cosily  ronnd 
corves:  the  two  sets  of  axles  are  Bometimes  coupled  by  on  ingcnioos  system  of  link- 
work,  and  sometimes  driven  by  two  independent  pairs  of  cyliudcrs.  Where  tho  ttcep- 
ims  of  the  (^dient  is  too  great  for  any  of  tho  before- mentioned  contrirancea,  tM 
drivini;  wheels  (according  to  Mr.  FelPR  inrcution)  are  assisted  by  a  set  of  horiaoBtal 
wtwcls  of  lite  same  diameter,  driven  at  the  same  speed,  and  made,  bv  means  ofi 
to  gnup  a  high  central  rail  with  tho  tightness  required  to  produce  the  ne 


-^ 

m 


Article  480,  p.  6B9. 
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Wtbb  Tramwats. — Tho  following  description  of  Hodgson's  Wiro-rope  Traospork 
ntem  u  abri<l^ed  from  a  published  pamphlet  on  that  subject  :— 
*'  Lines  of  this  bvstem  .  .  .  may  oe  described  as  consisting  of  an  endless  wir«- 
rspSi  supported  on  a  scries  of  pulleys  carried  by  .^ubstantLiI  posts,  which  are  ordinarily 
■twnt  MV  feet  apart;  hut,  wliero  necessary,  much  longer  spans  arc  taken,  in  many 
eases  amounting  to  1,OOU  feet.  This  rope  passes  at  one  end  of  the  line  round  a  dram, 
driren  by  a  steam  eceine,  or  other  oTBUable  power,  at  a  speed  of  from  four  to  eight 
Biilss  an  honr.  The  boxes  in  which  the  load  m  oarried  are  bung  on  the  ropo  at  tho 
loading  end.  the  attachment  consisting  of  a  pendant  of  peculiar  khapei,  which  maintains 
tbe  load  in  perftct  eqnilibrium,  and  at  the  same  time  enabloa  it  to  past  tho  sapporting 
palleys  with  ea.<ic.  Lacb  of  these  boxes  earriea  from  1  cwt.  to  10  cwt,,  and  tho  ddiverr 
u  at  the  rate  of  uhoat  200  boz«  pet  hour  for  tho  entire  diitiuice,    ...    A  spMr 
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atnngcment  is  made  >t  tach  end  of  the  lir 

Kna)l  wheels  with  which  the  boxes  ore  jv 

boxes  thus  bccoma  siupcnded  fromAtAr 

run  to  any  point  to  -which  the  rail  it  cirritU,  [oi  loaJiu^ 

on  to  the  rope,  for  retumtiii;.    The  fneeeaaiMi  is  contir 

required  to  stop.    .    .     .    Cam*  an  e»m\j  pasKd,  «ii..  ..•.-..„.,  ^,|  i  nj<»er 

kdmiuible.     .     ,      .    The  cope  being  coatmnoos,   oo   power  U  l<Mt  •& 

ground." 

Article  436,  p.  656. 

Nakkow  Gauob  RAI^WAT8.— R«il5r«ya  of  gaoees  Mnancr  iluin  that  oa 
called  the  "nnrrow  gao;;*"  are  used  where  the  tmffic  is  liphf.  «nd  cbc^pnaM  « 
cost  ifl  important.    Some  Norwef^ian  railways  hare  ■  KSOfte  cjf  :t\  fi^,-t. 

The  Fesliniog  Railway  in  North  Wales  has  a  gao^c  of  <■  ^  nuU 

30  lbs.  to  tho  yard,  and  arc  in  lengths  of  18  and  21  feet.     'I  ^^ 

10  lbs.;  tho  ioint  chairs,  13  iba.  Th«  sleepers  are  of  l«nj.,  -.  ,^^  „  „„„.,  j,— 
9  to  10  inciiea  broad,  and  from  4^  to  6  inches  deep.  At  rmrit  ad*  «?s 
they  are  1  foot  6  inches  apart  from  centre  to  eentrr;  rlsewUsrCL  S  teC  *  ^_ 
Clear  width  of  roadway  for  a  single  line,  12  feet ;  central  sp*r«  of  ■  doable  Iii%  f 
clear  w  idlh,  21  feet.  Sharp  curves,  from  2  to  4  chains  radma.  Sterpegt  o^S 
paMenger  line,  1  in  80  nearly ;  fluewherc,  I  in  CO.  Piias«nger  airri«c«i  llTtet 
6  feet  3  inches  wide,  6  ftet  6  inches  high ;  four  wbefls,  1  fool  6  ioebatTdici 
base,  4  feet ;  carry  ten  nassongers,  in  two  rows,  back  to  back.  KnniM  wtifja  l 
fall,  7.i  tons;  four  wheels,  coupled.  2  feet  diameter;  wheel  Itaae,  6  f«c.  7m«« 
cylinders,  H  inches  diameter,  IS-ioch  stroke;  greatest  steam -pivaNn,  JM  ll^« 
square  inch  above  atmosphere.  Water  carried  in  a  tank  «Ter  the  bsiWt  fM 
4-whceled  tender.  The  ordinary  speed  ascending  1  In  80,  witii  «  ertaa  ieai  liM 
cxclasire  of  cnf^ine  and  tender,  is  10  miles  an  boar.  As  to  *'  F*irli«  " 
are  well  suited  for  narrow  gauge  raDways,  see  p.  &i'J. 

Abhclb  445,  p.  673. 

Extensive  and  numerous  experiments  hsTs  be«n  reoeatly  nuil*  W  Mr  Rafcl  Q* 
of  the  P.  W.  D.,  India,  on  the  IrrawaddJ,  and  by  Messrm.  Hiitnnlir»».  v   \i,k.^7^ 
Mississippi,  on  the  vertical  distribution  of  velocities  in  a  ^^j 

other  experiments  of  Jen  msj^tiitudt,  are  discussed  by  3  ;^  i 

Annaln  dc«  PonU  et  Ckawuecs  for  1876,  p.  809.  The  veii.Liorj  u^eu  <m  ifa 
vertical  vary  as  the  ordinatcs  of  a  parabola;  the  greatest  velocity  ia  nnaiilv  i 
surface,  but  sometimes  below  it.     The  following  fonsula  is  prDjiOMd  c—- 

„  =  V  -  M  (X  -  «)» J I 

in  which  v  is  the  relodtjr  at  the  depth  A.  which  bear*  «n  tu,  tv.<^  dkodi  H  l^iri 
V  is  the  maximum  velocity,  M  is  tlie  parameter,  u  is  *m^ttta^  ¥ " 

summit  of  the  parabola  from  the  snrfaco  to  the  total  ;  ,  ii« 

u  =  V-M(i  -s  +  *^)j 

M 


and  the  velocity  at  half  depth  r .  =  w  +  ^^  the  valna  of  If  i»  SO^'ITr 
Inclmationofttiebed.  *  12  w^^vms, 


Both  M.  Bazin  and  Kr.  Gordon  consider  that  the  rdailv*  rslockfaB  rt  i 
portions  of  a  given  section  are  ioflnenced  bv  tho  relative  rouirkiMM  or  tkr  la^  I 
proportions  have  not  yet  been  definitely  fisrJ  bv  formula.  Mr  Oerdmn 
further  that  these  relation*  ara  affected  by  the  den'th  of  wat«-  aa  lAa  i 
by  the  distance  or  position  of  the  float  (ran  the  lida. 

Abticlb  496,  p.  78& 
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■  filter  per  sqoare  foot  per  twcntj-foiir  boors,  is  eqnal  to  2-4  cubic  yards,  tnulUplied  by 
tlM  prCMora  of  the  water  in  jarda,  and  diviJed  bv  the  thickness  of  the  fiUerinfr  rnndiuni 
b  yarda  nearlj.  When  largo  and  small  grains  of  aaml  are  mixed  ihe  dt-liverr  ia  foutKl 
10  diminiab,  as  also  by  silting  and  foaling.  Formnlx  lor  the  velocity  inlluenced  aa 
Stated  aboT^  are  given  in  the  original  paper,  to  which  reference  may  be  made. 

Abticlx  521,  p.  7€B. 
Bbkakwatkbs. — As  to  the  construction  of  a  breakwater  by  means  of  a  wooden 
ca^  filled  with  rough  stones,  and  resting  on  a  rubble  base,  see  a  paper  by  Mr.  Michael 
8cott.  in  the  Procetditu)*  o/  (Ae  InttUulion  of  Civil  Enginteri  fur  1858,  since 
published  in  "  Occuiooal  Papers." 

Articlr  230,  p.  873. 

Concrete  ia  now  larfrely  osed  in  eogineering  works:  such  as  in  harbonr  and  dock 

~)s,  reserroir  walls,  foundations,  &&  It  ia  used  citlirr  in  blocks,  made  by  placiog 
newly  mixed  concrete  in  wooden  frames,  or  in  monoliths  by  erecting  a  casing;  com- 
(d  of  plaoks  arranged  to  the  form  and  hcij;ht  of  wall  required,  the  concrete  is  then 
placed  and  spread  layer  by  layer  within  the  ciising.  On  the  removal  of  the  boaidiag, 
the  exposed  faces  receive  a  coat  of  cement  mortar.  In  some  works  recently  executed, 
bloeka  of  from  70  to  850  tons  have  been  used.  Concrete  in  bsgs  has  also  been  used 
■DceeMfully  for  foundation  work  in  sea  walls. 

The  eaaential  reanisites  in  obtaining  good  concrete  are  strong  hydmalic  lime  or 
cement,  and  clean  anarp  sand ;  the  stones  should  also  be  clean  and  free  from  earthy 
matter.  Various  proportions  are  specitled  by  engineers  according  to  the  nature  of  tba 
work.  If  Portland  cement  is  used  it  should  be  trcsh,  and  should  stand  a  tensile  stress 
of  from  800  to  850  lbs.  per  square  inch,  after  baviDg  been  made  into  test  bricks,  and 
inunersed  in  water  seven  days.  The  weight  of  the  cement  should  be  about  ll'i  lb,i. 
per  bushel.  'Where  strong  compact  concrete  is  re<]uired  the  proportions  are  usually 
about  1  of  Portland  cement  and  I  of  eiind,  with  4  or  6  ports  of  orolcen  stone  from  2  to 
t^  inches  in  six*. 

AR-ncLX  880,  p.  4G2. 

PxnxKVATiov  or  Iitoic.— Recently  some  new  processes  hare  been  developed  for 
tlM  preoerration  of  iron  from  rust  One,  known  as  BarfTs  process,  consists  in  placing 
tlM  articles  in  an  air.tight  oven,  where  they  are  heated  to  a  cherry  red,  a  current  of 
superheated  steam  is  then  allowed  to  play  upon  them,  und  tbroogh  its  decompodttoa 
the  oxygen  uniting  with  the  iron  forms  a  coating  of  magnetic  oxide  of  iron.  Bower's 
process  appears  to  attain  the  fame  result  through  the  medium  of  ciirbonic  oxide  gas 
and  air  at  a  high  temperature. 

Abticleb  356  and  439,  pp.  606  and  665. 

Ste«l  is  now  largely  used  for  rails,  tires,  ship  and  boiler  plates,  as  also  for  propeller 
Uadesv  and  for  hollow  propeller  ehnfts.  In  the  Besicmer  process  a  large  pear-shaped 
vassal,  called  the  converter,  capable  of  holding  three  or  four  tons,  composed  of 
wrot>ght>iron  plates  rivctted  together  and  lined  with  gaiinister.  is  filled  with  molteti 
pig-iron  from  the  cupola,  or,  in  some  cases,  is  filled  direct  from  the  bhist  furnace ;  a 
Dlast  of  air  is  then  driven  through  the  liquid  mass,  by  which  the  silicon  and  carbon 
are  oxidised.  This  process,  which  lasts  for  abont  twenty  minutes,  is  accompanied  by 
intense  heat,  with  a  orilliont  display  of  flame  and  sparks  from  tbo  mouth  ot  the  coo- 
Terter;  and  the  elimination  of  the  carbon,  &c,  is  osnally  determined  by  tbo  eye  as 
taking  place  when  the  flame  drops  and  becomes  of  a  browbisb  tinge,  it  may  nlga  be 
dotermuiod  by  the  spectroscope  throagh  the  disappearance  of  the  carbon  lines.  The 
Tvqnlsito  addition  of  carbon  and  manganese  is  then  added  by  running  into  tbo  con- 
rerter  a  quantity  of  melted  spiegclei»en  or  ferro-manganese,  and  the  whole  is  then 
poured  into  cast-iron  moulds. 

In  the  Siemens  or  Siemena-Martin  process  a  mixture  of  iron,  scrap,  and  ore  is 
melted  in  an  open  hearth  furnace  by  means  of  gas  snpplied  br  gas  ptodticers,  and 
worked  upon  the  heat  regenerative  system.  After  tbo  silicon,  car[>on,  &c. ,  are  oxidised 
and  addition  of  the  spiegeleisen  or  ferro.manganese,  it  is  poured  into  ca*t-iron  moulds 
Tba  charge  is  about  ten  tons,  and  the  whole  process  takes  seTcral  hours. 
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The  ingots  of  cart  »tecl  are  tbereaftcr  reheated,  hammered,  aa<l  taker  t"  i 
mill  to  bo  turned  out  as  plate*.  Knils  nrc  rolled  direct  troni  ihe  re:;»a:eiJ  :ri 
steel  ]in)JurcJ  in  thb  manner  is  known  as  "mild  steel,*'  and  pri->f.«r«  « 
ftr'n'.'tli  :inJ  ductilitj.  From  a  careful  iiive«'ti:.ition  cf  its  prupertie*  rhi  O. 
ol'  I.iiivild  i  nre  nd'ipted  the  fi)lIowin^  texts  for  ship's  plates. 

Vlti'uiate  teiit41e  strength  27  to  31  tuns  per  square  iocli. 

Klo;ij;:itiun  20  per  cent,  on  a  length  of  »  infhos  before  fractnre. 

.Siiips  heated  to  low  clicrrr-red,  and  cooled  in  water  at  P'i*  K.iTir..  rias:  <ix 
iii;^  •I'liiUe  round  a  cnrre  of  diameter  not  moie  than  tliree  times  ir.icicitM  oiz'. 

About  23  tons  per  square  inch  appears  tn  ho  al>nut  the  areraje  »:r£:icT!i,"i 
I:;:;il  oC  tliiMitit  y  about  one-half  of  tl:i.«,  on  J  the  cI<^ngaUon  about  25  per  ?■::.:. 

"I'll?  Liunrd  of  Trade  have  now  allowed  t!io  use  of  steel  lor  brid;;'!  Jtrs^r.rc:' 
wrtiking  .<tri-iiglh  of  CA  tons  per  square  inch. 

r>v  the  use  of  steel  In  ships  and  bridges  a  saTing  in  weight  is  e:r>?cted  rffn 
SO  ]Ier  cent.  The  nsaal  test  for  steel  rails  is  that  of  a  1  ton  wei^Lt  fj!.i:^: 
l;ci;;lit  of  5  ferf,  or  a  load  of  20  tons  resting  mid-wny  on  bearing  3  fee:  af  irt. 

It  is  advisable  to  drill  the  rivet  holes  in  steel  plates,  as  pnnihitit;  reilcirs  lit 
by  :ibout  30  per  cent.;  the  strength,  however,  appears  to  be  restored  by  asMsl! 
'The  shrinkage  of  cist  steel  is  about  double  that  of  cast  iron. 

Various  art  cles,  such  as  wheels,  axles,  prop; Hers,  &c.,  are  made  of  cast  S-t! 
liave  (iltcrwiirdd  to  be  annealed  to  insure  uniformity  of  strength. 

Heavy  steel  plates  have  been  u»cd  for  armour  plating  lor  w.nr  *'.!;■%  aa 
exf  "ritiicntsspcin  to  show  an  advantage  in  nsinj;  a  combination  of  sti-vl  and  : 
stcil  I'latc  liciiig  in  front.  As  the  presence  of  phosphon-.s  is  i'.«r;M:t-n:al  to  ; 
dudioii  of  steel,  non-phosphoretiti  ores  have  been  nlinos:  oxf'.i:<:v..>'.y  usvL 
aitcjiiiit^  have,  however,  been  made  from  time  to  lime  tfi  ^;•.•l■.•c■^  'u.-e  ■i"  :J 
I'lif'Sjiliovirtic  nres,  and  n'contly  couMdcrable  success  app-'urs  t>  '.w.m  .i.i.;: 
«xi)ui;uciits  in  this  direction,  and  known  .is  the  "  Thomas-GLlchri?: "  pr  •■.•••-. 
iii'-:l:i>  1  tiu' coiivortT  is  l;ui?d  with  a  basic  materi;d  instead  ot  t;:e  t>T:.r.ry  ■ 
<;.!•,  ;>nil  at  tiTt;iin  sti'.;!S  of  t!ie  pr.ii-oss  li:no  is  ruliio-.l;  t'.,>  r-.-i'.:  i-..'Z  ' 
Iihu.-^'liorjs  uiiitt's  wltli  tiie  b.\sic  material  and  leaves  tuc  iron  cj::'.:'i;.-.:ivi.'!y  :.. 

Articles  429,  430,  and  433,  pp.  633,  610,  and  647. 

WrroHTS  i<y  Tj<jooif>TiVi;s  axd  C-VKiiiAiiEs. — Tlie  wei.:;;,ts  of  j-.----- 
i;v  t'.vi-i  i:io  n'Av  iis  ihikIi  as  40  tuns,  with  a  load  on  drivir;  whc-lj  i :'  1;;  :. 
wiiii.iiig  (■team  ]iri--s«ri'  is  150  lbs.  to  tliii  square  inch,  bfiir.trcr  I'f  f." 
i!ii,l:i-s  Slrckc  iif  ].|.stiin  21  iiirhes.  Heating  surfac  abfnt  lllit  ^riir-  :'..: 
wii^lit  ot' !L'!iilcr  is  ubout  32  tons.     Size  of  driving  wknols  trim  7  to  .*> ':■•  '.. 

i:i  ."'o.is  liK'ouiotive  engines  weighing  about  37.',  tons  and  havir..;  .-;.•.  •    .  •  '.- 
t!;-'  i.iad  on  ilriving  wheels  is  aWit  isl  ton.s  witli  stroke  of  pist-  ■::  1 1  J  ■  '.  .J. 
pP-.Niir.'  of  .steam  and  weight  of  tender  Leing  same  as  for  pissen^er  f".;\\  y 

I  '.'inl'i^es  weigh  from  8  to  11  tons.  The  heavy  steel  rails  now  i::  us.-  wil -b 
pr  j..rJ. 

Article  431,  p.  641. 

A  mountain  riilw.iy  may  he  defined  as  one  in  which  the  trradient  i.«  steer" 
1  in  .'lO.  It  may  be  workcll  either  by  a  tisfcl  engine  or  locomotive-!.  r':.f  l.rif 
i^  ai!<>pted  for  s-liort  lengths  on  lines 'with  easier  p-.idifnts,  the  Litter  lor  l;=rr: 
NiiMii^rous  methods  have  been  employed  en  ditfercnt  lines  for  wi-.rki:".'  sr^i-j-  .t: 
till-  mil  ;  iihu.il  being  a  rack  rail  laid'down  between  the  ordinary  r.ii.<.  i^i  ■S' 
a  t'Kiili  wl.ccl  driven  by  a  locomotive,  and  V  form  gside  rails  pl.-ice<l  at  >i-.r-rt  ii 
al'iii-.;  the  centre  of  the  way,  in  which  wniks  a  horiiontal  dmm,  fixed  to  tbe  !.'•»: 
■\vill\  t\\T»-ai«  vwunvuf;  in  o^Jiiosite  directions  from  tbe  centre.  Un  tbe  c'tiK 
pr.i'  ieuts  ut  \  \n  \\\\«.'^«\>w^-«Q^«i\.,W.Vi\aaaeent  and  descent,  with  oniirjr 
inclive*  pt<>\\i«i\  iw\vVw  Y!W«VaN.  NstoSm*,  'ia  ^>»£k.\nan,  «»&.  ^Luncter  of  thi 
4)i-iiv'  i\uu»n»\«A.     Y.Tv^x\ck  wixV-iiiAt  \«  «s«^  ^«&«iia.  «n  -«*,  wiski4»  te 


curve 
UUS< 


I  on  th«  trbrol,  fend  Ui«n  i>  gnut  difficulty  in  keeping  the  tnliea  and  fire-box  of 
tliO  boiler  cuvercd  with  water.  So  far,  cxp^enco  lias  seemed  tu  be  in  Caroar  of  engiow 
ea  bo^irH  of  lb«  Fnirlie  tjrie. 

Ih  tlie  KigLi  Hailway,  hwitzcrhind,  the  gradient  is  about  1  in  4.  There  is  Brack 
mil  in  centre.     'Use  engine  bus  a  vertical  boiler.     Gauge  1  m'utret 

The  Vesuvins  Railwajr  is  worked  by  a  fixed  engine  and  wire  ropes.  The  inclination 
ef  tlio  line  is  about  60<*. 

Ahticue  477,  p.  721. 
f<  ~-  T--^;  Watkr  Pifbs. — It  is  usual  to  oast  the  larg*  Axea,  and  moat  oT  die 


F'  "f  ench  pipes  vertically,  the  faucet  end  beiog  downwards ;   in  aosne 

Til  'ea  are  ca»t  on  a  slope,  slightly  inclined  to  tlia  borisootal, 

luo  Jon^tl.B  of  pipes  vary  from  12  to  6  feet  cxclosiTo  of  the  faucet. 

The  jiipos  arc  coated  by  dipping  them  into  pans  conlainiof;  a  boiling  compositioa  of 
pitch  And  oil. 

The  "  tunird  and  bored ''  Joint  is  iarprly  used;  the  parts  to  be  fitted  bein^  turned  to 
gjno^cs  of  a  Miitalle  taper  (uboiit  1  in  2->).     Anticorrosire  paint  or  Fortlaiiir  cement  ia 
I  for  coating  the  turned  parts  befure  driving  borne. 


Annct-Es  366  and  377,  pp.  620  and  548.    See  alio  Abticle  168,  p.  287. 

The  following  note*  on  American  Bridge  Practice  are  taken  from  Tht  TranMctiont 
*>/lht  Amt.ritifn  Socitty  of  Civil  Enpinem,  Vol.  VIII.: — 

"American  bridges  arc  generally  built  up  frotn  the  follow  bg  individual  members, 
anoit,  if  not  all  the  mechanical  woric  upon  tnem  being  done  in  the  shop.  1st.  Chord 
•ad  wvb  eve-barf-;  round,  aquaie,  or  flat  bars,  with  a  head  at  each  end,  lonncd  by  some 
prooea  of  forcing.  TheM  are  tonnon  members.  2Dd.  Lateral,  diagonal,  and  counter 
rods.  Srd.  Floor-beam  hangeta.  4th.  Pins.  fith.  Lateral  struts.  6th.  Poata.  7th. 
Top  chord  sections.  The  laat  three  being  columns  funned  by  rivetting  together  vanona 
tolled  fumif,  plates,  angica,  channels,  I  t«ama,  &c.  Some  are  square-endcil,  otherspin- 
ctmoectcd.  These  are  conipre^sion  nicmbera.  fitli.  Floor-beama  and  stringers.  Thosa 
consist  cither  of  rolled  beoinis,  riretted  plate  girders,  or  occasionally  of  latticed  or 
tnused  girders.  The  proportion  of  depth  to  span  in  Americas  bridges  u  from  onc-fiflh 
to  cna-aeventh. 

**  la  top  chords,  poata,  and  strata  the  strains  are  calculated  by  a  modificatiim  of 
Baiikine''s  formula,  as  follows  :^ 


1+ 


8000 
4UO0O  1^ 


for  Biaare-ond  compresuon  members. 


hr  cuiumMiiBH  aa»bg»  with  one  {nn  and  one  square  cn4. 


8000 
p=  — g —  ^  comprccaion  members  with  pin  bcBtiogai 

'wbero  p  —  the  allowed  compresuon  per  square  inch  of  rross  section, 
L  =  the  length  of  compression  member,  in  inches, 
r  =  thfl  leaAt  tadini  of  gyration  of  tho  section,  in  InotMS.** 


ArrtCLR  430,  p.  635. 

IT  much  aaed  for  the  bai 
boiiers  and  mactunery.     In  India  they  have  been  successfully  tised  for  hauling 


Traction  ExciSKa  are  now  much  used  for  the  haulage  of  heavy  articles, 

«full         
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nnd  paMCDger  trains  along  the  roadu,  at  tpeedK  r  - 

hnnr.     The  general  desii;^  adopted  is  a  Ycrtical  : 

renting  on  a  car  carried  by  ihree  wheels,  the  fm:, 

engine.  The  wheels  are  fitted  with  Indiai- rubber  tires,  pfoucied  frMin  w«ar  fcr  n 

Abticle  410,  p.  614. 

Dmnorao.— The  lar;;e  dredgen,  u  now  med  on  our  rivers,  will  Dft  abod 
of  mat  eri  ill  per  boar.  ^ 

BarRS  loading  dredgers  of  60  to  70  nomituil  H.P.,  drsdeinr  fwma  I  lafl 
depth,  will  lift  about  8O0O  tons  of  material  per  day.  *  "  ">  ■ 

Hopper  dredeen  of  100  nominal  H.P.,  diedginij  at  same  depth   wOJ  Bft 
torn  of  mateiua  and  dtpoiit  s&me  6  to  7  miles  ofl  per  daj.  * 

Article  4SIa,  p.  644. 
CoxTi.Nuors  Brakes  foe  Ratlwat  Trains.— The  nso  ©f  br»ke 


living  o«lj 

It  rid 


considerably  estcniled  in  railway  traffic,  and  instead  of  »f 

on  tender  and  yard's  van,  the  application  has  been  n- 

posing  the   train.     Very  considerable    rentstanoa  is  tli 

cessation  of  motion  at  a  much  earlier  [i    "  '.'  i  iuus  forms 

been  tried  recently,  nrul  the  results  of  i  nta  ai«  ftini: 

of  the  T.iriou.s  lor(n.s  are  the  screw.hmi;  nke,  Taemmi- 

imil  coiripressed-air. brake,  in  nil  of  vh'hh,  by  means  of  me<-h«nwri  eUmaii 

thociimogre  and  actuated  bv  the  engine-driver  or  pii»r.t,   the  wh.j*  or 

whrels  of  thfl  train  cnn  be  braltcd.    In  the  first  tw 

are  em|i|iiycd  to  transmit  the  power  renalrcd,  whi; 

ncoomplislieJ  throaf;h  the  me«ltam  of  fluid*.     In  tl; 


rigid  or 
'•ers,  tl»*  w 


pressure  from  a  pump  on  the  engine  is  conveyed  by  a  ; 
iiir  is  removed,  and  m  the  air-brake  the  air'  is  force! 
required.     In  tho  sulomatic  arrangements,   whether  m    mr    or    ^acimrr, 
resefTToirs.     It  has  been  found  desirable  to  adopt  reservoir*  or  — titIi  bawtf 
immivliut'«ly  in  connection  with  the  hrtklce  Mocks,  thu  objert  in   ihr  nototoatT^ 
mcntJ  bcin;;  to  keep  np  a  certain  condition  in  the  cb-i 
Vacuum,   by  which,  if  destroyed  either  intentionally  or 
breakage  of  a  pipe),  the  braking  action  may  at  onoe  take  pi™^^, 
In  some  cases  1)  seconds  is  ' 


Stopped  in  about  30U  yardu 


sufficient  to  apply  the  bnkea,  mad  faat 


Articlx  207,  p.  844. 


"r 


Dynannte,  a  pas^  substaoM  composed  of  nitro-glyccrine  and  an 
now  1  irgfly  osed  as  an  explomTe.     It  is  especiallr  rit.  ■  ifre  F-i  br.«X)nc  un 
blocks  of  metal,  roots  of  trees,  4c.,  and  is  of  great  t 

Smaller  lo.e  boles  are  required  than  fur  gunpowd''  ,j- 

Sand  or  water,  is  employed.     In  mutiv  oases,  such  n.-.  ,'Hr 

cartridge  is  simply  laid  on  the  top  of  the  stone,  and  covcrr. ;  ,  '^^^     i» 

when  in  a  loow  sute  on  tho  applicjition  of  a  malcb.  and  ,  ,iK«1.  1 

when  fired  by  a  detonating  fuse.  .  ua  pmi  f^ 

From  eiperimenrs  bv  JInjor  Jforant,  BE.,  India,  it  apMsr*  that  tah  ■ 

qoantily  ofdynamite,  and  one-third  of  the  number  of  torV-^x-le^    i.  JT"J. 

ino»-nie  quantify  of  rock  as  gunpowder.     For  qnan 

Howexer.  to  be  preferred  to  dvnamite,  as  hsvingW 

I ,  r,"^  Ju!"  "^'"'•g' '"  "wng  dynamite  is  that  in  Ui.,,iy  ,tu^  u  en  t^ 
■  t'  ho\es,  ftn4  Y,VeTv  v\it«  w«  wd  Twy  shallow  oa««  an  tami  mOi 


ConmcnraT  of  Fbiction.— From  experimentB  made  by  Capt  Donglaa  Galton, 
C.B.,  F.fi.S.,  on  llie  eflrct  ol  bralcM  upon  railway  tnuni,  it  appean  that 

(1.)  Tbe  retarding  ciTcct  o(  a  wheel  sliding  upon  a  rail  is  not  much  Ima  than  when 
VraVcd  with  such  a  toroe  as  would  just  allow  it  to  continue  to  revolve,  the  distince  doe 
to  friction  of  the  wheel  on  the  rail  Msing  only  about  \  of  the  friction  between  the  wheel 
asd  llie  brake  blocko. 

(2.)  Tbe  cofflicit'nt  of  friction  between  the  brake  blocks  and   the  wheels   viries 
isTcreely  according  to  the  speed  of  the  tnin ;  thus,  with  ca»t-iron  brake  blocks  on  t 
tirca,  the  coefficient  of  (riotion  when  just  moving  was  '380, 

At  10  miles  per  hour  "ii^ 


20 

„       192 

,  30        „ 

„      -164 

40 

„      'UO 

60 

„       "116 

M        „ 

„    '^^* 

Akticlx 

378 

p.  688. 

From  n  Ecport,  drawn  up  by  .i  Committee  conipoaod  of  Engineers  and  acientific  men, 
u  to  winil-pre5«\ire,  the  following  conclusions  have  been  arrived  at*  : — 

(t.)  For  railway  bridges  and  viaducts,  a  mjix.imuni  wind  pnasure  of  66  llis.  per  square 
foot  should  be  aisiumiHi  for  the  purposes  of  CitlculaCion.  (i.)  That  ^or  pirilcrs  with 
dosed  udea,  and  as  bi^h,  or  higher,  tbun  the  top  of  railway  vehicles,  the  full  pressure 
of  60  lb«.  fcbould  be  cmploy-f^  for  the  whole  vertical  surface  of  one  girder,  and  that 
irbere  the  girder  is  not  as  uigh  as  the  vehicles,  the  anrfaco  should  be  taken  as  that  of 
tb«  lenf;th  of  the  ^rdcr  by  the  heif;ht  from  the  bottom  thereof  to  tbe  top  of  the  vehicle. 
(8.)  That  lor  lattice  or  open  girders,  the  pressure  of  56  Iba.  abonid  be  npplied  to  one 
girder,  as  though  the  girdeiv  had  closed  sides  from  the  level  of  tbe  raits  to  tlic  lop  of  the 
train,  nnd  the  same  pressure  to  be  applied  to  tbe  actual  ironwork  area  below  the  level 
of  the  nils  and  above  the  top  of  tbe  train.  Tbe  preasores  to  be  applied  to  the  inner  or 
leeward  girder,  one  only,  in  addition  to  the  above,  relate  only  to  the  nctual  vertical  area 
of  ironwork  below  the  rails  and  above  the  train,  and  are:  a.  28  Iba.  per  scjuure  foot, 
when  the  open  space*  are  not  more  than  two-tbirda  of  the  area  included  withm  the  out- 
line of  the  girder;  h.  42  lbs.,  when  tbe  open  spaces  are  between  two-thirds  anrl  three- 
fourths  tbe  whole  outline  area;  and  c.  56  lbs.,  when  the  open  spaces  are  greater  than 
three-fourths  of  the  whole  area.  (4.)  Tbe  pressure  on  arches  and  piers  should  be 
ascertained  in  coiifomiitr  with  these  rules.  And  (5.)  a  factor  of  4  should  be  employMi 
in  all  these  coies  in  calculating  the  nccesMry  strength,  except  when  wind  pressuro  ii 
counteracted  by  gravity  only,  then  a  factor  of  2  is  oousidend  sufficient. 


Abticlk410,  p.  615. 

Some  of  the  dredgers  used  on  the  River  Clyde  measure  161  feet  long  by  29  feet  broad 
and  10  fret  deep,  iind  have  entpnes  nf  76  nominal  borso-powcr  They  can  dredge  in  2S 
feet  of  water  nud  are  fitted  niih  a  single  bucket  ladder.  With  such  a  machine  upwards 
of  400,000  tons  of  material  Lave  been  dredged  during  a  year's  work,  extending  to  about 
2,700  hour*. 

Some  of  tbe  double  bucket  Udder  dredgers  measure  156  feet  long  by  32  feet  broad  and 
10  feet  deep,  the  engines  bdng  &0  nominal  horM  power,  and  can  dredge  in  33  feet  of  water. 
A  year's  work  c£  iSoai  2500  noun  gives  about  a3S,000  toiu  ol  material  raised, 

•  St^The  iTn^ineer  of  26th  ADgust,  1881. 


798  APPEnnx. 

Tfaa  mnge  or  fistanca  between  the  laib  as  now  iwed,  k  MBoswliat  ymried  ;  thi 
Eneknd  and  Scotland  it  ia  usna%4  feet  8^  iachea,  altlioagk  tim  Featizuog  Bailw 
y/Sea  has  a  gmga  ef  1  foot  11^  mchea.  In  Inland  k  is  fi  ftat  8  incheB;  in  Sp 
feet  6  iadiea;  in  India 8  feet  6  iaefaM,  8  feet  8]  iadiee (ijt^  metre  gvigti),  and  i I 
indies;  and  recently  in  Canada  a lailwayhaa  hem  eanafnwtad  of  8  faet  6inid>eagaii 
theniia  weigh  £6  lbs.  per  yard,  and  are  flat-bottomed,  being  fastened  to  the  de^ 
spikes. 

ASROLB  SMi,  p.  fl9. 

From  a  comparison  of  the  strength  of  iraa  and  steel  wire  ropes,  it  appears  that 
steel  rope  is  nearly  donble  the  stnngth  of  the  iron  rope.  The  following  formala  iff 
to  give  the  breaking  strength  of  wire  ropes  soffidentrf  aocnrate  for  practical  pnipoa 


(C  \2 
^  )    for  iron  win  ropes. 

L=25x(5)*    ..steel       „ 


Where  L  =  breaking  load  in  tons,  and  C  <=  drcilmferenoe  of  rope  in  inches. 
Vr'hen  the  speed  of  working  is  high,  onC'tentk  of  the  breaking  load  should  be  take 

the  working  load. 
The  same  rule,  as  applied  to  hemp  ropes,  gives 

AKTicxa  882,  p.  673. 

The  East  Eiver  Bridge,  New  York,  now  approachingcompletion,  is  on  the  sospen 
principle,  baring  a  main  span  of  1595  feet  6  inches.  There  are  4  cables,  each  o»  w 
contains  6296  parallel  galvanised  steel  oil-coated  wires,  wrapped  together,  mikii 
cylinder  15J  inches  diameter.  The  ultimate  strength  of  snch  a  cable  is  estimatec 
li!,2C0  tons.  The  height  of  towers  above  high  water  is  278  feet,  giring  a  clear  he 
at  centre  of  span,  at  SU"  Fah  ,  of  135  feet. 

ITie  new  Forth  Bridge,  to  be  erected  at  Qneensferry,  will  have  two  main  span 
1700  feut  each,  and  is  to  be  constructed  of  steel,  on  the  bracket  system,  having  a  ren 
intermediate  girder,  over  300  feet  long,  in  each  main  apan,  resting  on  the  ends  of 
triangular-shaped  brackets  or  cantuevers.  The  height  of  bridge  at  centre  of  a 
above  high  water  is  160  feet. 

The  Douro  Bridge,  near  Oporto,  is  the  largest  example  of  an  arch  rib  bridiie 
constructed,  the  central  span  being  520  feet,  and  the  weight  of  iron  in  the  arch  alus 
£04  tons. 
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Air  tmspI,  734. 

Balanci!  of  rnrceR,  133.                            ^^H 

Alkaliei,  3&3. 
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AUoy*.  584. 
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Alnmina,  852. 
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„      of  rnptnro,  421. 
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128. 

tades,  789. 
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AfdlM— Abutments  of,  427. 
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Z     — Centna  of.  416,  485. 

of  A  wall, '3»2, 787.                    ^H 

„      —Circular,  203.  422. 

„      — Depth  of  keyetonet  of,  426. 

Buva— Tides  in.  767.                           ^^| 

Beams,  173. 

i           „      -Elliptic,  204, 42(1. 

„      —Action  of  load  on,  2S9. 

„      — G«ORt»tic  212,  420. 

„      —Allowance  for  weight  of,  26L 

„      — HydroBUtic  209,  419. 

„      -Built,  46.% 

„      — Iron  braced,  666. 

„      —Cast-iron,  267,  261,  2C3, 624. 

„      —linear,  202,  218. 

„      continuous  over  pirrs,  2H7. 

„      of  brick,  4  Id. 

„      — Cn»8-8ectioaa  of  equal  itrenrtll 

,,      of  stone,  413. 

for,  256. 

,      — Pi«r»  of.  428. 

„      —  Deflection  of,  268. 

„      — PUin  iron.  638,  665. 

„      —Effect  of  Twisting  on.  280. 

„      -Pointed.  218. 

„      — Kxpansion  and  contraction  of^ 
281. 

„      — Reliering.  412. 

„      —Skew,  429. 

„       fixed  at  the  ends.  282. 

„     — Stabilll V  of  «tone  nod  brick,  416, 

„      — Limiting  length  of,  2C1. 

421. 

„       of  limber— l^nptUenod,  465. 

„      —Strength  of,  296,  482,  481,  658, 

„      of  unifurm  rtrcn^tb,  2a^ 

566. 

„      — Proceaa  of  de«ipiiiii:,  276. 

„      —Strength  of  stone  and  bnck,  432. 

„      — Proportion  of  depth  to  span  of, 
275. 

„      —Timber,  481. 

Arched  iron  ril>»,  20G,  638,  6M. 

„      —  Resilience  of,  278. 

rib,  202,  213,  296. 

„      —  Shearinj;  stress  in,  2CG           ^ 

AtcnwaATS^Undcrgrfinnd,  433. 

„      -Sloping.  292.                         ^m 

Area*— ^0  meastirp,  84. 

— Slifliiess  of,  269.                   ^H 
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„  of  harbours  765. 
„   of  river  bridges,  717. 
„  of  stone  arches,  428. 
.,   —Timber,  483. 
V'lK  iron,  498. 
Piles,  602. 
„     —Bearing,  602. 
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" Ooyhi Ut  taaro  a plaM  on  the  TxiokaheU  of  erer?  m«ch»Bi£."—/rtm. 
u  jiaeb  iaitmoilon  ii  bare  ^ren  iritltoat  petUntrr  or  preianiioa."— JMOI 
**  A  «<M  fHtf  Mw  to  «Tnyi>nettoaI  mecbanie."— AitfMay  JOMefca  OaoHK 
•.•  ThiB  Work  ia  wpt^alir  tntoDdad  for  BeU-Teochars,  ant  iriMM 

concise  and  slmpln  (•Tplanauog  of  Qeoeral  PriBeliilea,  togMber  i  '  ' 

adaptation  to  PFtoUcal  Puipotoa. 


MANY  THOUGHTS  OF  MANY  MINDS :  a  Dtotlonaiy  tttttt' 

ence,  consisting  of  Seleotions  from  tbo  Writiaga  of  the 
Authors,  CompUed  and  Analytically  Arrangod.    By  HOKT 
Toned  paper,  square  8to.    Cloth  gilt,  elegant,  12a.  6d. ;  JJbmxj 
half-bonnd,  Roxburjj;b,  14s.;  morocco  antique,  21a.     Thirtjf-ini^ 

"  Tho  pnvlnoe  of  year*  of  research."— £rvjTfiiKfr. 

"  l.ie.iiiinMl  to  tftko  a  high  place  amon^  li.xikH  of  iLla  elau." — JEafa 

MANY  THOUGHTS  OF  MANY  MINDS, 

Hknky  Sodthoatk.     iSgnore  8v-o,  toned  {mu 

128.    6d.  ;    Library   Edition,    half-boand, 

antique,  21a.  Seventh  Edition. 
'•  We  an)  not  Barpriaod  that  a  Becond  ScrlM  of  Ibis  wstk 
PnbUo  apeaken  will  flod  tbat  It  baa  epeclal  asta  for  than.' 


■a^TLTE^  ST^'?.'?:^.  '«\^KS^\i,'SJSS^yc>,v: 


STANDARD    TEXT-BOOKS, 


"WORKS  BY  WILLIAM  RAMSAY,  M.A. 

r  College,  Camltrldtie.  I*is  Professor  of  11  nmiuiit;  iu  iLe  rnUenttyofGlMjOW. 
In  crown  8to,  dotb. 

A  MANUAL  OF  ROMAN  ANTIQUITIES:  L»w.  CoiiBtitution, 
Pat>Hc  &Dd  SocIhI  Life,  ItellgloD.  Afiriciillurp.  itCL,fur  ibe  vte  of  Etudenln.  Wttli 
M&p,  Dumeroug  KliKravlnpK  «nil  Tory  copious  Iniiei.     Tvtiflh  E'titinn.    t».  fA. 

RAMSAY  a^roH:  AN  ELEMENTARY  MANl^AL  OF  ROMAN" 
ASTlQl'JTlJCN.    wub  numcron*  JllB»tjttticn».    Sttrnih  itiunn:    U. 

RASISAY  (Prof.) :  A  MANUAL  OF  LATIN  TROFODY.  lUiis- 
traied  b;  CoplouB  £xiunplif«  and  C'rilii-ikl  IlcntarkB,  Fur  llic  Use  o(  Stvilciil*. 
£«Tia»<lMulcrwtl7«(ilM-gcd.    Sixth  Kditum.    t«. 


fn.ni    11 
.  :.E^.Tll<|>I.• 
I  K'\  UiilTcri>Cullc|.i 


./SmM 


A  mSTORY  OF  RO^i 

PERIOD  to  the  TTSIKS  «r  th< 
M.A,,  Fcllowof  Morion  C'oJl«f.v». ..!.,.  I,,  4... 
L'rown  8to,  cloUi,i>a.6d. 
'Mr.  CKI-1TWZI.L  has  iaor  a  real  rerrloe  lo  all  BtoilniU  of  the  I^tin  Ijuigiwg^  uid 
UteraiDrv.    .    .     .    Full  of  gooi!  tcholanshfp  anil  goo<l  orilicUm."— JIA^narxm. 

IL  RPECIMENS  OF  ROMAN  LITERATURE  (Companion  Voltune  to  the 
lIL.t<H7).  Piii<«ijw»  IIlnstratiTO  of  Boinui  Thought  ami  Stvlcf.  13j  C.  T.  CIIHTTWEIX, 
W.A,,  and  rii.\KE  BANTON.  M.A.,  smnctinie  fi<holar  of  Jpsbb  Collcgp.  Cawbridjro. 
CVuwu  6to.  I'luth,  in  Two  Paru :  Pan  L.  BoiuK  TnoLciiT.  it. ;  Fan  II..  Roiuk  Sttls, 
Iv. ;  or,  Comphstc,  108. 6d. 


XIRGILII  OPERA  :  Editwl  by  A.  HAinT-TON  BRYCE,  D.C.L..  LI..D.. 

Nenlor  Claaaical  Modrmtor  in  tLe  I'nlrondiy  of  Dublin.  Text  hx>m  UKYNE  and 
WAQNKit.  EuclHh  Note«,  orlpiiial and  tolcoi«d  ftcm  the  leading  (lerman  and  £Dgli>l> 
CdBunewtatoiv.    Jllufitratioiu  from  tho  aaUque.    T/itrUtnfA  £diti<»i,    lu  ITirae  I'arU, 

KFeap.Sro,  doth. 
Part     I.  Edofnies  and  Grorplcs,      -  -  -       3*.  6d. 

Part    II.  The  iEneia,  Books  L—\a,  -       3a.M. 

Part  UL  The  JEnelii,  Books  VIL—XIL,     -  -       3».«d. 

Or,  complete  In  One  Volnioc,  cloth,  Is. 
'Odntaina  (he  pith  of  what  has  beca  written  by  tbn  bent  Bcbolara  on  Ihe  snbjecl.    .    .   • 
le  ootea  comprlto  eTcrythiog  that  ilir  siudcni  tain  wust."— ^Mrttanm. 


Caiform  ndlh  Uu  abort: 
jyp,,  ,nnT.  f-T>-UA:  Edited  by  .TOSEFTT  '^T-' 
^r  Acadcany.    Irxt  frooi 
boat  CoDuuen  Ukton..    11^. 


\-  Head  ClABsicftl 
itK,  Orteinal  moA 
ic,    InTwoPorlB, 


Pan   L  Carmlna,  ------       aa. 

Fan  U.  Satina  and  Eptittea,       -  -  •  -       88. 

Or.  complete  In  Oiie  Volmne,  doth,  Ba. 
"Tlis BOtaa  ara axMUeot and  exluimiUTe."  -(^nrUrlf  Journal  tff  Sdueatitn. 


MANUAL  OF  ENGLISH  LITERATURE,  for  the  Ubc  of  CoUegw, 
ScboolB,  and  CivU  Sfrvlce  KxaoiinationA.  By  OEOKUE  UIXIE  CBAXK.  LLU.  Ut<t 
Vrof.  ol  liuiory  and  lingllah  Utef»tiu«  la  Uneen'e  CoUsk*,  fielfasL  Cro-wa  Svo,  oloth. 
T«,Gd.    XaiUt  BdUion. 


Thx  VOCABULARY  OF  PHILOSOPHY  :  Mental,  Moral,  and  Meta- 
phTi>i<-al.  With  Quolatlona  and  Befereace.i  for  the  Uiie  of  Studontit.  By  WILLIAM 
FLEMING,  UU, lata  Prof,  of  Uoral  PbikMonhv  tn  (ho  TTnlTersitr  of  Ulaagow.  BerlMd 
and  Edited  by  UKNRY  CALDKBWOOD,  lL.I).,  Prof,  of  MoMl  Fbl^aophr  In  lb* 
Unirenlty  of  Edinburgh.    (Jrown  Bru,  cloth,  iwrelled,  lua.  6d.    Third  Edition. 


LONDON:  CHABLF-S  GRIFFIN 


CHARLES  GRIFFIN  A  COMPANY, 


Iloyal  Bvo,  764  pp.,  Cloth.     With  over  200  IttaMtraUoMt  drmmt 

rttlvced  in  many  in^ancti/rom  Working  Dmwimgt.     Priet  I 

ELEMENTS  OF  METALLUBGT:  A  Practical  Tretttise  0 

Art  of  Extracting-  Metals  from  their  Ores.  By  J.  ABflTOB  ftl 
M.  IN.VT.C.K,  F.C.S.,  F.G.S.,  &c  Ancien  gUre  d«  I'^ool*  im  1 
Pttri*. 

GENERAi  CONTENTS. 

I.  A  TreatisK  on  FtSLS  and  Repiiactobt  Matxellals. 

I I.  A  Dx9CBIFTIU!r  of  the  principal  MKrAlXirEBOCV  itSWtMJXM  iritk 
DisTRiBnnoM. 

ILL  Statibxtob  of  the  atnonnt  of  each  Mxtai.  amnuQjr  fudmaei 
the  world,  obtained  from  official  aourcoi,  or,  where  thia  has  not  been  pad 
from  authentic  private  information. 

IV.  The  Methods  of  .\s?'    •--  '' -   '-"^  •  '"' — -   ♦ojetliwwhh 

ocBaxa  of  Met^vllibcicu.   i  :ow,  Coaux,  M 

Aluuimum.  t'oi-PER,  Tin,  .^  ,  MiactrMt  Ml 

liZAD,  SiLV£B,  Gold,  and  Platlsl^j. 


OPmiOitS  OF  THE  FRESa 

*'SltmmUofU*taUum^eat3^       ■   r      r     -1  of  tha  bicliett  dcgna.   Baokk 
preclMly  wanted  by  the  grcAt  1  uid  pmcHoU  wmfciw^  aai  I 

eompaotDMa  1«  in  Itscir  •  flrst-r:  -'.    The  aaHior  ba«  tm*  ' 

skill  the  metallurgical  op«rstloui'  jciuuut;  wu  o.i  luo  prlnrlnal  nrrlalt     n« 
desoritod  with  anrprliilng  clearnMa  and  exsctneoa,  lUoatrannf  tfaa  nual  ' 
trifonoea  In  an  sxccllsiit  and  perrpicooiu  nuuiner.    ...    In  our  r;  ' 
eTor  written  on  the  anbject  with  ■  view  to  ila  piuctioal  treatnatii.'* —  W4 

"  In  lliiii  moHt  QFefnl  and  hamlaome  Tolume,  Kr.  FbUUpa  haa 
Tulaiil'l"  pnK-ticnl  laiowl«ile«>.    Wf  hare  not  only  the  rentlla  ot 

cttuliiju-'-    •■'  '  -'•  '■■■'  "  '■  ■ -■  ••'  -  i>--'--—t'i<"!~rnctiemi  tamk 

'.  Fnela.  wtU  te 
frrcat  \  -  iona  of  oar 

lottny-^;  ....:  ....  _ ^.  ,...^,.^ _ 

"  For  twenty  years  the  learned  anttior,  who  mlfht  wetl  bare  retirad  «n 
aceoDtit  of  Ilia  ackuowledged  aaecesa  uul  high  chanietar  aa  aa  aulhcvlir  In  mi 
Xmen  making  notca,  both  aa  a  miniTig engineer  and  a  practical  moialtiiftil.  a^ 
niuMl  Talnable  portion  of  bla  tbne  to  the  aocamnlation  of  iiialialalt  tor  ifeW  Ma 
There  can  Iw  do  poastble  doubt  that  SUmtntM  of  UHaOurn  wOl  te  Mt<lll  ■ 
Kindents  in  adenoe  and  art.  <u  well  a*  by  practical  worken  In  mMtU.  ...  1 
and  fifty  pages  are  devoted  exoluvtvely  to  tho  metoHnr)^  ot  Iron,  la  wliMi 
of  manuraoicie  ia  trcatctl,  anil  the  latest  improvements  sociuala^ 


"Ttio  Tiilne  cf  this  work  is  «1mo»t  loectlmable.     TbttTS  attt  te  IM 
anioant  of  tlnl<^  nnil  labonr  beatowcd  on  it  in  anormooa    ,    .    .    Tb«i«  la 
uitUIIiir^-cril  treatise  In  the  languaj^  calculated  to  prove  of  a«ek  laoi 

^>  "oekio?  Bound  nraoUcal  informatioa  npon  th#  waJa^ttK  aaA 

I-'  I  '■  of  the  oxtenidTo  ineuUan^cel  knowlodxe  of  lis  aanUMr.*'-— fTMrANI 

u\,  '  .(/e/af/urpy  which  appeared  in  thia  Journal  diiriivJa|)r,lSH.>—JMMV 

' '  H.niuHU  <i/  ileiaiturg^  In  nnqoeatlonably  better.  In  some  rasuscta  f^aOac,  aad  It  1 
lecent  than  any  other  work  that  has  been  publbhed.    The  mbW*  tk  Irai  taM  ' 
that  CD  which  the  author  baa  dealt  at  fnlleit  length,  and  tUs  U,  ««  tama  m^, 
lioue.'"— Popular  gcienct  lieviev. 

"Kiu-h  a  vFdrlt  wna  ranch  needed,  and  the  seed  eonld  hardly  ba««  been  bsM 
than  tt  lias  1  een  by  Mr.  I'hillJpa.'— Qu.if/jr/y  Jctmal  ^/fctow* 

"  Mr.  rhilll(>e  deserves  well  u/  the  motallnnrtoal  Intereata  of  tkll  eOBMrr.  h*  l_  _ 
dacod  a  work  which  la  eqoally  valuaUo  to  the  atndent  at  a  mil  >iiiil|.  siirt  In  Ihi  ■ 
ameiter  «e  a  standard  work  of  relarenoe.  Xb«IUaattstiotiaai«adHfiwto^H^Ma< 
«nKravins.".-ci«nu)a/  A'«m.  "      ^ 


laX^Tti^  ^'t^C?Srt,^^^wKS^^^Jb>K>CRS«8L. 


CHARLES  GRIFFIN  Si  COMPANY, 


2fov  nady,  half -bound,  folio,  price  9(it. 

TRAVERSE     TABLES: 


Oomputtiil  to  4  Places  Decimals  for  every  Minute  of  Angle  up  to 
100  of  Distance. 


For  tfie  Um  of  Surwi/ors  ami  Engine&ri. 


LLOYD   GURDEN, 

▲UTnOBISED  8CSVKT0R   FOR  TUK  (iOVEHXMESfTS  OP   XEW  SOOTH 
WALKS   A.SD  VRTORIA. 


OPINIONS  OF  THE  PRESS. 


"  Mr.  OmoKK  ts  to  tw  ttaukod  Tor  the  extnonJIiikr;  taboar  wUloti  ha  has  hMtomtl  oq 
tAoilltatinfr  the  work  of  the  Sarvcyor.  ...  An  almost  uooxampled  tnstauca  of  pn>>: 
fAssioniil  anil  literary  iodnttrr.  .  .  .  Ax  to  the  T&lae  of  the  Tables  thanmalTea,  nXMj 
oi'txixG  iiK  niE  BooiL,  and  a  stmpio  lnBpi>ction  and  notiiiun,  wituolt  cvLrui.ATrosc,  gtres  tb< 
iDfurmatioTi  which,  It  songht  bylhr  n^usl  tnelhoU.  rpiialres  th^  opening  of  tbe  table*  of 
lognritbtnii  in  four  dillarant  plocMi,  inakin;;  two  swparnls  odditluns  In  order  U>  gvt  Itgiires  of' 
•econd  decimal  places  (Iho.'tc  in  the  Tablr-s  being  to  Toor  p1ace»),  and  making  caltiilatlanlt 
InrolTing  the  use  of  forty-oigbt  more  flgares  than  are  required  to  be  written  b;  tbc  p«rMoa 
«rtio  iweH  Ihexe  Tables.  .  .  .  Vr'bea  tbo  anxloos  and  laborioaa  work  of  one  uiou  afford* 
ihe  means  ot  such  a  ssTiDg  of  toil  fur  alt  those  who  avail  tbemnelTes  of  his  work,  tha' 
patic-ut  and  carpful  tubulator  de*LTTes  the  name  of  a  beueloctor  of  his  profMaion,  oad  of  M 
(Ood  serront  of  his  feUows." — Athtntnnn. 

"These  Tables  are  chanictorlsed  by  JkBmi,i7rt  aixrucrrr,  nnd  the  ssTing  of  tlmo  offeclod 
liy  Ihsir  nse  Is  moiit  materiaL  .  .  .  The  Author  has  done  much  to  rednco  the  ixnt  and 
Imnlau  ot  the  SurTvyor's  work,  Erorr  one  oonneoted  with  Euglueeriog  or  8DrT<*y  should 
ha  made  aware  of  iho  existence  of  this  elaborate  and  uncful  aot  of  Tables." — DuUJtr. 

"  Vp  to  the  pri^Ment  iltno,  no  Tables  for  tbo  use  of  Surveyors  haTB  been  prepared  whiolt 
in  mlonlonoss  of  detail  can  bo  compared  with  thuue  coinpllod  by  Mr.  B.  L.  QuukK^c.  .  . 
With  the  old  of  tbix  book  the  rutL  of  c«u:t-i.Ano!(  u  RKut;t:kD  to  a  miximl-u  ;  and  nul  only  Is 
Ume  lared,  but  tbe  risk  of  error  is  avoided.  .  .  .  The  profession  l<  under  an  obllgatioD 
to  Mr.  OrauKX  for  ensuring  that  in  the  oalcnlatlon  of  triangle*  and  travonea  iuaccnracies 
aro  for  the  fatnra  linpossibleL  .  .  .  Ho.  GLnivKx's  iuiok  UAt  ni'r  1^>  ni>  kyuwx,  a%i>  xo 
SsUINESa's  PD  Si:i!VKVi)K»  OrFici!  WIU.  »«  WITIIOLT  A  Col'V." — Ai-i/illed. 


EXETER  STREET^  STRAND,  LONDON 


CHARLES  GRIFFIN  &  C0aiPA2fY. 


Demjf  Svo,  Cloth.      With  Numermu  lllmtrfUioita  rttluttil , 
Worting-DraMatg*. 


A     MANUAL 


MARINE       ENGINEERIN 

THE  DESIGNING.  CONSTRUCTION,  AND  WORKING  01 
MARINE  MACHINERY. 

Btt     JL.     SL     BS3-A.T0  3ST, 

Lcelurtr  on  JVarliw  £noiHteriiti>  to  Ifu  Boyat  Xoral  t.\>Uti}t,  tirmmmUk ;  Mtat 
InttUHtt  vf  yttvul  .trcMitcu,  <««. 


OBNBRAL     CONTElNTa 

Pajet  1.— Pnmtrnrra  o*  HABiirt  Pnornstos.— Ul»«f,-nr  uuJ  Pp<>ere«a  of  VLsfiiw 
Inir:  Vaiion*  MetfaodB  of  Pirrpalolon  gind  Tvp«»  of  Enffior'':  Wei^ttl  oL  niwl  Viy  ■ 
^,,.  xi.,.L. .....ry.  ColcolAtianft  of  Indicated  llortn- Power  Tor  Sp(«<l  ol  Hhlfi  Kin'i 

<  '  ritleaMd  Hone-Powor,  Slip  and  BeTointJoiu— bow  la  obuut  ukt  la 

I  Mecimiilsiii. 


^'rc^^uIl■  <■ 
Power;  NoTi. 

PAST  in  - 

Valves,    Ex  i 
Snrfaco;    C' 

Plumps,  Cr.',: 


• -am  n»»d !__,__ 
'4  ul  Oanponiid 
ce,te.;  Uow  tD«aitBlMkJii 


imioK  SiiB  uf  CyllnAir  (v*  flrt 


'.ll'JUa    )1>1     UL'tUlUi 

I'' |-I^^^ :  Dmo^t  a»d Calcti^tkwc"  for  ryllBrtiH 
■lit   Projiortkii, 

!  ShftTu:  Psi.. 
mil'.-.  L'Liiiinitr.  >(<'. ;   \  nlvn  Motioon;  ZeutiMr  <■  I  in 
Ivu  lieur;  liiiproTod  V*iYS  tiev,  ^hi.;  BttlM  far T 


!.J-UUB.— TliPory  of : 
Hiileii  fur  detenu 
I  i.icc  o/ScrrwK:   r. 

I'.iBT  V. — Wi'iLBlia.— CrmlniXi 
ikUte  Vulno;  Kvapciration:  Tnl" 
«rif|  Piuvnn'ii  "  •■'■•    v.,;,,,,.  r. 
<ii-ni.j  Arc*   I 
Mctliodii  of  I 
Suioko-boi^i ,  ,  _ 

Part  VI-Miki. 
Machinery;  is^ure  >r...ji  .  aiuKij.iiH  lui.-,,  u. 


jn  1  ttr 


'fin*,  l.aaiiK. 


^:.XEt^E2^  «t^'£srE,  «^:'fcxs.\>»\icpssv#5i?&. 
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